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1. Introduction

In 2017, the New Hampshire Department of Environmental Services (NHDES) requested
assistance from the United States Environmental Protection Agency’s Office of Research and
Development (EPA ORD) to conduct analyses of various samples for the potential existence of
per- and polyfluoroalkyl substances (PFAS) (Appendix A-1 and A-3). The type of samples
identified by NHDES for analysis included industrial coating formulations, air emissions,
groundwater, surface water, soil and leachate. Specifically, NHDES was interested in samples
taken near sites where there was the potential for air emissions associated with processes that
historically and currently use PFAS-containing raw materials. The release of PFAS compounds
into the environment from these sites has contaminated soil and water, including groundwater
used as drinking water for tens of thousands of people in the state.

Assistance from EPA ORD was requested in order to address several technical barriers that
included: 1) commercial laboratory analytical limitations for handling more complex sample
matrices; 2) unknown nature of the compounds because they are either proprietary,
manufacturing byproducts contained in raw materials, or degradation compounds; and 3) lack
of expertise and experience associated with advanced fluorochemistry and fate and transport
properties of this class of compounds. Specifically, EPA ORD has unique capabilities to conduct
“non-targeted” screening, whereby a search is conducted of a broader spectrum of PFAS that
may be present in a sample, including both known and unknown compounds; this type of
analysis is not available through a commercial laboratory.

NHDES has several objectives for this on-going partnership with EPA to evaluate PFAS in
samples collected from New Hampshire:

1) Understand the multimedia environmental distribution of fluorinated compounds
originating from PFAS emissions to air;

2) Differentiate sources of contamination when and where there is the potential for
multiple PFAS sources by identifying a signature distribution of compounds for different
sources of PFAS;

3) Assess if conditions warrant the installation of treatment systems for air emissions to
proactively prevent the contamination of the environment and drinking water with
newer alternative chemicals or precursor compounds;

4) Ensure any potential air pollution control equipment systems that may be required to
be installed are designed to remove not only perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS), but a broader array of PFAS compounds and
associated break-down products, some which could be precursors to the formation of
PFOA and PFOS. This information is critical for ensuring any air pollution control
equipment is properly designed for potential PFAS emissions and that remediation



systems removing PFOA and PFOS do not unknowingly redistribute other PFAS
contaminants;

5) Ensure drinking water treatment systems and remediation systems being designed to
remove PFOA and PFOS are also able to remove other PFAS compounds and associated
break-down products, some which could be precursors to the formation of PFOA and
PFOS. This information is critical for ensuring drinking water is appropriately treated
and that remediation systems removing PFOA and PFOS do not unknowingly
redistribute other PFAS contaminants; and

6) Prioritize which contaminant(s) need a risk assessment based on what is actually being
measured in the environment, including drinking water.

In 2018, the EPA produced four reports that document the results of analyses conducted to
date as part of the ongoing partnership with NHDES. These reports are the first in what is
expected to be a series of reporting by the EPA on the results of New Hampshire sample
analyses. In many respects, the analytical work conducted by EPA ORD is at the forefront of the
emerging science of PFAS. NHDES is pleased to be working closely with EPA ORD on this
contamination issue that is of such vital concern to the citizens of New Hampshire.

The EPA data reports are intended to provide a simple representation and summary of the
analysis results. Therefore, the description of methods and quality assurance are brief and
high-level. Additional reports and/or publications are being developed that will include a more
detailed description of methods, quality assurance analyses, and statistical/geospatial
interpretation of the data. As study partners/collaborators, it is anticipated that NHDES and EPA
Region 1 scientists will assist in these additional reports and publications.

2. Project Overview

NHDES and EPA jointly developed two work plans for the sampling and analysis related to the
investigation into releases of PFAS compounds to the air from industrial facilities in NH. Those
plans are:

Work Plan #1: Southern New Hampshire Sample Collection Plan for Non-Targeted Per- and
Poly-fluorinated Compounds Analyses dated August 30, 2017. (Appendix A-2)

This plan guided the collection and analyses of samples from several different environmental
media including groundwater, surface water, and soil as well as industrial samples of raw
materials used in dispersions at two facilities and solid material (referred to as char) that
accumulates inside the air emission stacks.

Work Plan #2: Saint-Gobain Performance Plastics Air Sample Collection Plan for Non-Targeted
Per- and Polyfluoroalkyl Substances Analysis dated April 18, 2018. (Appendix A-4)



This plan guided the collection and analyses of samples from process feedstocks, pilot-scale air
pollution control equipment, and air emissions from three towers during a multiday stack
testing event in April and May 2018 at Saint-Gobain Performance Plastics (SGPP).

3. Sample Collection

3.1 Work Plan #1:

NHDES staff collected samples of groundwater, surface water, soil, raw materials used in
dispersions, and char in general accordance with Work Plan #1, as described in the sections
below. Samples were then submitted to EPA ORD for analysis. For logistical reasons, some of
the samples proposed in the Work Plan were not able to be collected (e.g., dust was not able to
be sampled due to lack of sufficient sample volume).

3.1.1 Groundwater

A total of 20 groundwater samples (including three duplicate samples) were collected and
submitted to EPA ORD (Figure 1, Table 1). Groundwater sources sampled for this study
included monitoring wells and private wells no longer used for drinking. Wells were selected
for inclusion in this study based on results of prior PFAS analyses so that a range of PFAS
concentrations could be evaluated, including highly contaminated monitoring wells close to the
facility, wells with PFOA concentrations between 0.05 and 0.10 ng/L, and wells with PFOA
concentrations exceeding 0.20 ng/L.

3.1.2 Surface Water

Surface water samples (including one duplicate sample) were collected from five different
locations and submitted to EPA ORD (Figure 1, Table 1). Samples were collected from the
Merrimack River (EPAORD 002 and EPAORD 003) and Dumpling Brook (EPAORD 001, EPAORD
003, and duplicate sample EPAORD 004). Discharge from the stormwater system that drains
the SGPP facility was sampled at the Outfall (EPAORD 006) during dry conditions when the
water discharging from the system is likely due to groundwater infiltration.

3.1.3 Soil

Three soil samples were collected from different depths at a single boring location near the
SGPP facility (Figure 1, Table 1). NHDES staff advanced the boring to a total depth of six feet
below the ground surface using a stainless steel hand auger. The three intervals sampled for
this study included the surface soil (EPAORDS1 or NHEPAORD-S1), an interval two to four feet
below ground (EPAORDS2 or NHEPAORD-S2), and the interval from four to six feet below
ground (EPAORDS3 or NHEPAORD-S3).



3.1.4 Char Material from Tower Stacks

NHDES staff collected three samples of solid material (char) that coats the interior of the stacks
of the textile coating towers. The three towers were chosen because they have the potential to
represent three different operational situations (Figure 1, Table 1):

1) The MA Tower has been in operation since 1994. The ductwork was replaced and the
oven and ancillary process components were cleaned in 2016. Therefore, the solid
material (Sample ID: MA Tower Char or NHCharMA) that was collected from this stack
will most likely represent “new” dispersions used since 2016.

2) The MS Tower has been in operation since 2002. The solid material (Sample ID: MS
Tower Char or NHCharMS) that was collected from this stack may potentially contain
residue components from pre-2006 PFOA-based dispersions AND “new” dispersions
that have been used since 2006.

3) The QX Tower has been in operation since 1989. According to historical stack testing
results, the QX Tower receives the highest load of emissions, and solid material (Sample
ID: QX Tower Char or NHCharQX) that was collected from this stack would likely be
associated with emissions that occurred while PFOA-based dispersions were in use and
emissions that occurred after the use of PFOA had been phased out.

3.1.5 Raw Materials used in Dispersions

NHDES staff collected a total of thirteen raw material samples (Sample IDs: 1 —13) from the two
textile coating facilities. According to company representatives and records, these samples
represent all of the raw materials containing fluorinated compounds currently stored or in use
at the two facilities.

3.2 Work Plan #2:

In addition to and in conjunction with Work Plan #2, NHDES requested that SGPP conduct air
emission stack testing of three towers in order to collect the samples for analysis by EPA ORD.
The stack tests were conducted April 26 — May 2, 2018 by SGPP and their consultants while
NHDES personnel were present to observe the process operations, sampling, and stack testing
methodology and also to facilitate transmission of samples to EPA ORD. The stack tests were
conducted in accordance with the approved stack test plan submitted by SGPP and dated April
11, 2018. (Appendix A-5). Stack tests were conducted on the MA, MS and QX Towers. Samples
were taken from the QX Tower at the inlet and outlet of a pilot-scale control device to evaluate
its effectiveness at removal of PFAS compounds. Table 2 is a summary of all of the samples
submitted to EPA ORD collected as part of Work Plan #2.



3.2.1 Air Emission Samples

During each of the stack tests, a total of three runs were completed. During each run, a sample
train comprised of seven segments was deployed. In total, 84 air emission samples were
collected. These samples were taken by stack testing personnel and sent directly to EPA ORD
for analysis. (Sample IDs: 500 — 520, 600 — 620, 700 — 720, 800 — 820)

3.2.2 SUMMA Canister Samples

There were 18 SUMMA canister samples collected including two background samples, four
ambient samples and 12 stack test runs. These samples were collected by NHDES personnel and
sent directly to EPA ORD for analysis. (Sample IDs: 2 backgrounds, 709, 721, 176, A378, 321,
2045, 793, 005, 755, 751, 262, RK9, 068, 700, 744, 794)

3.2.3 Dip Tank Coatings

Eleven total samples of actual coating utilized during each stack test were taken by stack testing
personnel from the dip tank(s) for each tower and sent directly to EPA ORD for analysis.
(Sample IDs: 521, 522, 523, 621, 622, 623, 721, 722, 725, 726, 729)

3.2.4 Char Material from Tower Stacks

NHDES staff collected three samples of solid material (char) that coats the interior of the stacks
of the three textile coating towers that were stack tested. (Sample IDs: MA, MS QX)

3.2.5 Process Water from Pilot-Scale Air Pollution Control Equipment

Four samples of the process water that was used in the pilot scale air pollution control device
were sampled by stack testing personnel and sent directly to EPA ORD for analysis. (Sample IDs:
733, 734, 735, 736)

4 EPA ORD Reports

EPA ORD submitted four reports to NHDES in 2018 that convey results of analyses performed
on the various samples from New Hampshire (Table 1 and Table 2). These reports represent
the first in a series of data that will be presented to NHDES by EPA ORD; additional reports will
be provided as EPA ORD finishes their analyses. Each report is included in its entirety in
Appendices A-6 through A-9. The exhibit below summarizes the types of results provided in
each report.



Exhibit 1

Report Number

Date Sample Media

Type of Analyses

ORD Report #1

April 4, 2018 Char and Soil

Targeted PFCAs

ORD Report #2

July 24, 2018 Char and Soil

Non-Targeted PFAS

ORD Report #3

October 4, 2018 Groundwater and
Surface Water

Targeted PFAS

ORD Report #4

October 4, 2018 Stack Emissions

SUMMA Canister

Non-Targeted PFAS
and Volatile Organic

Samples Only Hazardous Air

Pollutants

4.1 ORD Report #1

ORD Report #1 contains the results of targeted perfluorocarboxylate! (PFCA) concentrations for
the two types of solid-matrix samples analyzed at the EPA ORD laboratory located in Athens,
Georgia (Appendix A-6). Three samples each of char and soil were analyzed for thirteen PFCAs
using liquid chromatography / mass spectrometry. Internal standards of each compound were
used to quantify the laboratory results in terms of micrograms per gram (ug/g or parts per

million (ppm)) for char and picograms per gram (pg/g or parts per trillion (ppt)) for soil. Key
results of the report include:

e Overall PFCA concentrations were greater in the char samples (reported in ppm)
compared to the soil samples (reported in ppt).

e Chain lengths of the PFCAs detected in char ranged from four carbons (C4) to 18 carbons
(C18); whereas, the longest chain PFCA detected in soil was C11.

e PFOA was the PFCA with the highest concentration in each of the six samples.

e PFCA concentrations generally decreased with depth in the three samples from the soil
boring.

4.2 ORD Report #2

ORD Report #2 contains the results of non-targeted PFAS concentrations for the two types of
solid-matrix samples analyzed at the EPA ORD laboratory located in Athens, Georgia (Appendix
A-7). The same samples of char and soil described in ORD Report #1 were analyzed for non-
targeted PFAS using liquid chromatography / mass spectrometry. Known standards are not
available for the analysis of the non-targeted compounds, therefore, there is more uncertainty
in terms of identification of the compounds and estimation of concentrations. The results
reported in units of pug/g for char and pg/g for soil, are considered to be estimated values. In
other words, the results are “semi-quantitative, likely within an order of magnitude of the
actual value” and have a greater level of uncertainty relative to results of analyses performed
with known standards. Key results of the report include:

1 Perfluorocarboxylates are reported as perfluorocarboxylic acids.



4.3

Two types of PFAS were detected that have not been previously identified in
environmental samples and include a polyfluoroalkyl carboxylic acid series and a
polyfluorinated sulfonic acid (PFSA) series, each of which has a hydrogen atom
substituted for a fluorine atom. The hydrogenated PFCA and PFSA series are referred to
as HPFCA and HPFSA, respectively, in Report #2. Actual concentration values for HPFSA
were not presented because they occurred at lower concentrations relative to HPFCA.
The number of carbon atoms in the HPFCAs detected in the samples ranged from C6 to
C20 and from C4 to C18 for the HPFSAs.

Similar to PFCA results in Report #1, HPFCA concentrations were orders of magnitude
greater in the char samples (reported in ppm) compared to the soil samples (reported in
ppt).

HPFSA concentrations were greater than HPFCA by a factor of 10 and 1.2 for C6 and C8,
respectively in the char samples. For the other carbon chain lengths, HPFCA was
present at greater concentrations than HPFSA.

The surface soil sample (EPAORDS1 or NHEPAORD-S1) contained the greatest
concentrations of HPFCA compared to deeper soil samples.

ORD Report #3

ORD Report #3 contains the results of targeted PFAS concentrations for groundwater and
surface water samples analyzed at the EPA ORD laboratory located in Research Triangle Park,
North Carolina (Appendix A-8). Twenty-five aqueous samples were analyzed for 11 PFAS using
liquid chromatography / mass spectrometry. Standards of each compound were used to
quantify the laboratory results in terms of nanograms per liter (ng/L). Key results of the report
include:

PFOA was detected in 22 of 25 samples. In all samples where it was detected, PFOA had
the greatest concentration of all of the other PFAS detected.

PFOS was not detected in any of the groundwater samples; however, it was detected in
four of the five surface water samples and the sample from the stormwater outfall.
Perfluoro(2-methyl-3-oxahexanoic) acid, also known as GenX, a compound that is
associated with a newer generation of PFAS that replaced PFOA, was detected in one
groundwater sample from a domestic well (EPAORD 016) above the limit of
quantification (LOQ) at a concentration of 35.4 ng/L. To NHDES’ knowledge, this
represents the first detection of GenX in groundwater from a domestic well out of
hundreds of samples from other domestic wells that have been tested for this
compound by commercial laboratories. In consultation with EPA ORD staff, it is
suggested that this sample be reanalyzed for conformational analysis of this unique
finding and rule out laboratory contamination.



4.4

ORD Report #4

ORD Report #4 contains the results of non-targeted PFAS and volatile organic hazardous air
pollutants (HAPs) analyses for the gases collected in SUMMA canisters during the stack test in
April and May, 2018. Analyses were conducted at the EPA ORD laboratory located in Research
Triangle Park, North Carolina (Appendix A-9). Due to this being the first time SUMMA canister
sampling for PFAS compounds has been performed on stack emissions, the high resolution
chemical ionization mass spectrometry (CIMS) analyses for the non-targeted PFAS are limited to
tentative identifications, rather than quantification. The more conventional TO-15 analysis?
using unit mass resolution (low resolution) gas chromatography-mass spectrometry (GC-MS)
can be understood as a targeted analysis of gas phase volatile organic hazardous air pollutants
(HAPs). Key results of the report include:

The CIMS-based non-targeted analysis tentatively identified twelve (12) PFAS
compounds in the SUMMA canisters.

The GC-MS targeted selective ion monitoring (SIM) analysis of SUMMA canisters
identified 27, 42 and 38 non-PFAS compounds in the samples from the MS, MA and QX
towers, respectively.

Up to 118 gas phase compounds were observed across all nine samples using the TO-15
(plus photochemical assessment monitoring station compounds) method.

Across all nine SUMMA canisters representing non-controlled stack emissions, the
following compounds were observed in all canisters: propylene, propane,
chloromethane, isobutene, 1-butene, ethanol, acrolein, acetone, iso-pentane, isopropyl|
alcohol, 1-pentene, isoprene, vinyl acetate, 2-butanone, 1-hexene, tetrahydrofuran, 2,4-
dimethylpentane, benzene, 4-methyl-2-pentanone, toluene, and dodecane.

2

TO-15 is an EPA approved method for determination of volatile organic compounds (VOCs) in air collected in

specially prepared SUMMA canisters and analyzed by gas chromatography/mass spectrometry (GC/MS).
http://www.caslab.com/EPA-Methods/PDF/to-15r.pdf
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TABLE 1

Summary of Samples Submitted to EPA ORD
for Poly- and Perfluoroalkyl Substances (PFAS) Analyses

WORK PLAN #1
: . - _ EPA ORD
Sample Material Sample Number Sample Collection Date Sample Location Description Report(s) Type of Analyses Reported
199712055MWGZ1 5/31/2018 Monitoring Well NR Pending
199712055MWGZ1 (duplicate) 5/31/2018 Monitoring Well NR Pending
199712055MWGZ2 5/31/2018 Monitoring Well NR Pending
199712055MWGZ3 5/31/2018 Monitoring Well NR Pending
EPAORD_007 8/30/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_008 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_009 8/24/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_010 8/31/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_011 8/24/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_012 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_013 (dup) 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
Groundwater EPAORD_014 8/31/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_015 8/29/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_016 8/31/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_017 8/31/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_018 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_019 8/30/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_020 8/30/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_021 (dup) 8/30/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_022 9/8/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_023 9/8/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_024 9/5/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_901 9/8/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_001 8/28/2017 Dumpling Brook, Upstream #3 Targeted PFAS
EPAORD_002 8/28/2017 Merrimack River, Downstream #3 Targeted PFAS
Surface Water EPAORD_003 8/28/2017 Merrimack River, Upstream #3 Targeted PFAS
EPAORD_004 8/28/2017 Dumpling Brook, Downstream #3 Targeted PFAS
EPAORD_005 (duplicate) 8/28/2017 Dumpling Brook, Downstream #3 Targeted PFAS
EPAORD_006 8/28/2017 Stormwater Outfall #3 Targeted PFAS
EPAORDS1 9/1/2017 Soil Boring (0") #1 & #2 Targeted PFCAs; Non-Targeted PFAS
Soil EPAORDS2 9/1/2017 Soil Boring (2-4') #1 & #2 Targeted PFCAs; Non-Targeted PFAS
EPAORDS3 9/1/2017 Soil Boring (4-6') #1 & #2 Targeted PFCAs; Non-Targeted PFAS
. MA Tower August, 2017 Interior of stack #1 & #2 Targeted PFCAs; Non-Targeted PFAS
Char Material from .
Tower Stacks MS Tower August, 2017 Interior of stack #1 & #2 Targeted PFCAs; Non-Targeted PFAS
QX Tower August, 2017 Interior of stack #1 & #2 Targeted PFCAs; Non-Targeted PFAS
1 August, 2017 Directly from container shipped by supplier NR Pending
2 August, 2017 Directly from container shipped by supplier NR Pending
3 August, 2017 Directly from container shipped by supplier NR Pending
4 August, 2017 Directly from container shipped by supplier NR Pending
5 August, 2017 Directly from container shipped by supplier NR Pending
Raw Materials Used 6 August, 2017 D?rectly from conta?ner sh?pped by supplier NR Pending
in Dispersions 7 August, 2017 D!rectly from conta!ner sh!pped by suppI!er NR Pend!ng
8 August, 2017 Directly from container shipped by supplier NR Pending
9 August, 2017 Directly from container shipped by supplier NR Pending
10 August, 2017 Directly from container shipped by supplier NR Pending
11 August, 2017 Directly from container shipped by supplier NR Pending
12 August, 2017 Directly from container shipped by supplier NR Pending
13 August, 2017 Directly from container shipped by supplier NR Pending
Acronyms

PFCA
PFAS
NR

Perfluorocarboxylates are reported as perfluorocarboxylic acids.

Per- and Polyfluoroalkyl substances
Not Reported




TABLE 2
Summary of Samples Submitted to EPA ORD
for Poly- and Perfluoroalkyl Substances (PFAS) Analyses

WORK PLAN #2
: . . - EPA ORD
Sample Material Sample Number Sample Collection Date Sample Location Description Report(s) Type of Analyses Reported
500-520 April 26 & 27,2018 MA Tower NR Pending
Air Emission 600-620 April 26 & 27,2018 MS Tower NR Pending
Samples 700-720 April 30 & May 1, 2018 QX Tower Inlet to Pilot-scale Control Device NR Pending
800-820 April 30 & May 1, 2018 QX Tower Outlet of Pilot-scale Control Device NR Pending
Background 1 System Blank #4 Non-Targeted PFAS; Volatile Organic HAPs
RK9 5/1/2018 Ambient (inside facility) #4 Non-Targeted PFAS; Volatile Organic HAPs
005 5/1/2018 Ambient (lower roof) #4 Non-Targeted PFAS; Volatile Organic HAPs
794 4/27/2018 Ambient (upper roof) #a Non-Targeted PFAS; Volatile Organic HAPs
709 4/30/2018 Ambient (Field Blank) #4 Non-Targeted PFAS; Volatile Organic HAPs
755 4/26/2018 MA Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
751 4/27/2018 MA Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
262 4/27/2018 MA Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
SUMMA Canister 068 4/26/2018 MS Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
Samples 700 4/27/2018 MS Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
744 4/27/2018 MS Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
721 4/30/2018 QX Tower (inlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
176 5/1/2018 QX Tower (inlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
A378 5/1/2018 QX Tower (inlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
321 4/30/2018 QX Tower (outlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
2045 5/1/2018 QX Tower (outlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
793 5/1/2018 QX Tower (outlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
Background 2 System Blank #4 Non-Targeted PFAS; Volatile Organic HAPs
521 4/26/2018 MA Tower NR Pending
522 4/27/2018 MA Tower NR Pending
523 4/27/2018 MA Tower NR Pending
621 4/26/2018 MS Tower NR Pending
622 4/27/2018 MS Tower NR Pending
Dip Tank Coatings 623 4/27/2018 MS Tower NR Pending
721 4/30/2018 QX Tower Dip Pan 1 NR Pending
722 4/30/2018 QX Tower Dip Pan 2-5 NR Pending
725 5/1/2018 QX Tower Dip Pan 1 NR Pending
726 5/1/2018 QX Tower Dip Pan 2-5 NR Pending
729 5/1/2018 QX Tower Dip Pan 1 NR Pending
. MA Tower 5/2/2018 Interior of stack NR Pending
ChaTrOl\‘:IIZIt'(-:‘Sr;:L::m MS Tower 5/2/2018 Interior of stack NR Pending
QX Tower 5/2/2018 Interior of stack NR Pending
733 5/1/2018 Supply Water NR Pending
Process Water from 734 4/30/2018 Sump Water NR Pending
Pilot-Scale APCE 735 5/1/2018 Sump Water NR Pending
736 5/1/2018 Sump Water NR Pending
Acronyms
PFCA Perfluorocarboxylates are reported as perfluorocarboxylic acids.
PFAS Per- and Polyfluoroalkyl substances
NR Not Reported

HAPs Hazardous Air Pollutants
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Appendix A-1
NHDES Letter — New Hampshire Department of Environmental Services

Request for Assistance Assessing Poly- and Perfluoroalkyl Substances
June 22, 2017



JES

June 22, 2017

lennifer Orme-Zavaleta, PhD

Director, National Exposure Research Laboratory
USEPA Office of Research and Development

109 TW Alexander Dr MC 305-01

RTP, NC 27711

Subject: New Hampshire Department of Environmental Services Request for Assistance Assessing
Poly- and Perfluoroalkyl Substances

Dear Dr. Orme-Zavaleta:

The New Hampshire Department of Environmental Services (NHDES) is requesting assistance for
completing analyses of long and short-chain poly and perfluoroaikyl substances (PFAS) in industrial
chemicals, groundwater, surface water, soil, sludge, air, process residuals and potentially food crops
surrounding two sites where air emissions associated with processes that historically used PFAS-
containing raw materials . These sites have historically released PFAS into the environment and have
contaminated soil and water, including groundwater used as drinking water for tens of thousands of
people in the state. NHDES is also concerned that ongoing air emissions of certain PFAS may be
occurring with minimal air pollution controls being applied.

NHDES is currently using commercial laboratories to complete analyses that report results of 14 to 23
traditional PFAS compounds. NHDES has attempted to coordinate with a laboratory to analyze for a
PFAS compound variant that was reported to have replaced PFOA at a facility that has ongoing air
emissions containing PFAS. Despite analyzing over 1,000 sampies from private and public drinking
water wells in an area where groundwater has been contaminated with PFOA, this replacement
compound has yet to be detected in water near this site. However, the replacement compound was
detected in stack samples at the site.

Assistance from the United States Environmental Protection Agency (USEPA) is needed to test for
environmental contaminants that are potentially being released to the air and impacting the
environment. USEPA’s assistance is needed to overcome technical barriers for completing this work to
date including: 1) commercial laboratory analytical limitations for handling more complex sample
matrices; 2) unknown nature of the compounds because they are proprietary, manufacturing
byproducts or degradation compounds contained in raw materials; and 3) lack of expertise and
experience associated with advanced fluorochemistry and fate and transport properties. USEPA could
assist by analyzing samples using high resolution mass spectrometry with a comprehensive assessment
of the spectral data using library searches.



Jennifer Orme-Zavaleta, PhD

USEPA Office of Research and Development
June 22, 2017
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NHDES will utilize this information to: 1) understand the multimedia environmental distribution of
fluorinated compounds generated when emitting PFAS to the air; 2) ensure drinking water treatment
systems and remediation systems being designed to remove PFOA and PFOS are able to also consider
employing treatment that can remove other PFAS compounds and associated degradates, some which
could be precursors to the formation of PFOA and PFOS. Granular activated carbon is the standard
treatment technology for PFOA and PFOS, but is not as effective in removing some of the shorter chain
PFAS compounds or precursors to PFOS and PFOA. This information is critical for ensuring drinking
water is appropriately treated and that remediation systems removing PFOA and PFOS do not
unknowingly redistribute other PFAS contaminants; 3) differentiate sources of contamination when
and where there is the potential for multiple sources of contamination by identifying a signature of
distribution of compounds for different sources of PFAS; 4) assess if conditions warrant the installation
of treatment systems for air emissions to proactively prevent the contamination of the environment
and drinking water with the newer alternative chemicals or precursor compounds; 5) prioritize what
contaminant(s) need a risk assessment based on what is actually being measured in the environment,

including drinking water.

We greatly appreciate your assistance on this matter. We look forward to our continued partnership in
successfully addressing these emerging drinking water contaminants. Please do not hesitate to contact
me '603)271-8806) or Brandon Kernen

(60327 1-ubbu) snoula you have any questions.

Sincerely,

ark B Ffeise
Assistant Commissioner
cc:  Meghan Cassidy, USEPA Region 1
Andy Lindstrom, USEPA ORD
Michael Wimsatt, NHDES
Eugene Forbes, NHDES
Brandon Kernen, NHDES



Appendix A-2
Work Plan #1 — Southern New Hampshire Sample Collection Plan for

Non-Targeted Per- and Poly-fluorinated Compounds Analyses
August 30, 2017



Southern New Hampshire Sample Collection Plan for Non-Targeted Poly- and

Perfluoroalkyl Substances (PFAS) Analyses
August 30, 2017

1.0  Objective

The objective of this sampling program is to identify the occurrence of the full spectrum of poly- and
perfluoroalkyl substances (PFAS) in process feedstocks, product residuals, air emissions, surface water,
groundwater and soil near two textile manufacturing facilities in southern New Hampshire. The
identification of PFAS compounds will be completed by using a high resolution mass spectrometer at the
United States Environmental Protection Agency’s Office of Research and Development’s lab at Research
Triangle Park in Durham, NC. The information is needed to identify the specific PFAS compounds and
their byproducts associated with air emissions that are being detected in the environment. NHDES will
use this information to identify other target PFAS compounds in an effort to expand commercial labs

analyte lists.
2.0  Approach to Work

The approach to completing the work is described in Tasks 1-8, below. The sampling locations
associated with each task are shown in figure attached as a file named “Figure.”

Task 1 - Sample PFAS-Based Dispersion Products at Textile Coating Facilities

Samples of raw dispersion products consisting of PFAS compounds will be collected at two textile
coating facilities. Products will be sampled at the Saint-Gobain Performance Plastics (SGPPL) facility in
Merrimack, NH and the Textile Coating International (TCI) facility in Manchester, NH. These thirteen
dispersions represent all the raw dispersions currently in use at the two facilities.

Task 2 — Sample Char/Carbon Material Taken from Air Emission Towers at SGPPL

Three samples of solid materials that accumulate on the interior of the towers will be collected and are
summarized as foflows:

® One sample from the MA Tower which has been in operation at SGPPL since 1994. The ductwork
was replaced and the oven and ancillary process components were cleaned in 2016. Therefore,
the solid material that will be collected from this stack will most likely represent new dispersions

used since 2016.

e One sample from the MS Tower which has been in operation at SGPPL since 2002. The solid
material that will be collected from this stack may potentially contain residue components from
pre-2006 PFOA based dispersions AND new dispersions that have been used since 2006.

® One sample from the QX Tower which has been in operation at SGPPL since 1989. This tower has
the highest PFOA partition factor based on previous stack test results and therefore potentially

Page 1of3



receives the highest load of emissions. The solid material that will be collected from this stack
may potentially contain residue components from pre-2006 PFOA based dispersions AND new
dispersions that have been used since 2006.

Summaries of analytical data associated with the dispersion materials and char material are included in
the file named “Task 2 Attachments.”?

Task 3 — Sample Highly Contaminated Groundwater and Soil Immediately Downgradient of the SGPPL
Facility

A water sample will be collected from a shallow groundwater monitoring well immediately adjacent to
and downgradient of the SGPPL property. A soil boring will be advanced 6-8 feet deep and
approximately four soil profile samples will be collected.

Summaries of analytical data associated with groundwater and soil sampling at the SGPPL facility are
included in the file named “Task 3 Attachments.”

Task 4 — Surface Water Sampling

One water sample will be collected from the stormwater outfall that discharges stormwater from the
SGPPL facility to the Merrimack River. Two samples of surface water will be collected from the
Merrimack River up gradient and downgradient of the facility. Two water samples will be collected from
Dumpling Brook which flows into the Merrimack River near the SGPPL property.

A summary of analytical data associated with the storm water outfall associated with the SGPPL facility
is included in the file named “Task 4 Attachments.” Water quality data for the Merrimack River and
Dumpling Brook have not been collected to date.

Task 5 - Groundwater Sampling — Wells with Groundwater Exceeding 200 Parts-Per-Trillion PFOA

Groundwater samples will be collected from four private wells near SGPPL that exceed 200 Parts-Per
Trillion (ppt) for PFOA.

A summary of analytical data for all of the potential private wells that meet this criterion is included in
the file named “Task 5 Attachments.”

Task 6 - Groundwater Sampling — Wells with PFOA Concentrations between 50 and 100 ppt PFOA

Groundwater samples will be collected from four private wells located within three miles of the SGPPL

facility that exhibit PFOA concentrations between 50-100 ppt.
A summary of analytical data for all of the potential private wells that meet this criterion is included in

the file named “Task 6 Attachments.”

1 The sample numbering in the Task 2 Attachments do not necessarily correspond to the sample numbering used in this

exercise.
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Task 7 — Groundwater Sampling — Wells With Elevated PFOA and PFOS Concentrations and Located
Near Additional Sources of PFAS Contamination

Groundwater samples will be collected from six private wells that exhibit a combined concentration of
PFOA and PFOS above 70 ppt and are located in areas that are: 1) Likely impacted by PFAS releases to air
associated with SGPPL; and 2) Alleged to be potentially impacted by additional potential sources of
PFAS.

A summary of analytical data for all of the potential private wells that meet this criterion is included in
the file named “Task 7 Attachments.”

Task 8 — Groundwater Sampling — Merrimack Village District Weils 4 and 5
A groundwater sample will be collected from both Merrimack Village District (MVD) Well 4 and MVD

Well 5.

A summary of analytical data for MVD 4 and MVD 5 is included in the file named “Task 8 Attachments.”

The following types and quantities of samples will be collected for each project task.

Surface . Char Material from | Raw Dispersions
Groundwater Soil
Water Tower Stacks
Task 1 13
Task 2 3
Task 3 1 4
Task 4 5
Task 5 4
Task 6 4
Task 7 6
Task 8 2
Task 9
Total 17 5 4 3 13
Total Number of Samples>>> 42

3.0 Sampling Procedures and Quality Assurance Project Plan

NHDES’ Quality Assurance Project Plan (QAPP) is included as an attached file. The procedures for
sampling for PFAS in the QAPP begin on document page 246. Additional information describing the soil
sample collection methodology is included in an attached file.

4.0 Schedule

The sample collection for Tasks 1-8 described in this work plan shall be completed from August 28, 2017
— September 22, 2017. Sampling for tasks 1-8 will occur concurrently.
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Appendix A-3
NHDES Letter — New Hampshire Department of Environmental Services
Request for Additional Assistance Assessing Poly- and Perfluoroalkyl

Substances
October 27, 2017



JES

October 27, 2017

Timothy H. Watkins

Acting Director, National Exposure Research Laboratory
USEPA Office of Research and Development

109 TW Alexander Dr MC 305-01

RTP, NC 27711

Subject: New Hampshire Department of Environmental Services Request for Additional Assistance
Assessing Poly- and Perfluoroalkyl Substances

Dear Mr. Watkins:

The New Hampshire Department of Environmental Services (NHDES) is requesting additional assistance
for completing analyses of long and short-chain poly and perfluoroalkyl substances (PFAS) in industrial
coating formulations and air emissions taken directly from the stacks located at a site where processes
are currently utilizing PFAS-containing raw materials. This site has historically released PFAS into the
environment and has contaminated soil and water, including groundwater used as drinking water for
tens of thousands of people in the state. NHDES is concerned that ongoing air emissions of certain
PFAS may be occurring in the absence of air pollution controls.

NHDES is currently using commercial laboratories to complete analyses that report results of 14 to 23
traditional PFAS compounds. NHDES has attempted to coordinate with a laboratory to analyze for a
shorter chain PFAS compound variant that was reported to have replaced PFOA at the above reference
facility. Despite analyzing over 1,000 samples from private and public drinking water wells in an area
where groundwater has been contaminated with PFOA, this replacement compound has yet to be
detected in water near this site. However, the replacement compound was detected in previous stack
samples at the site and has been detected associated with other sites elsewhere in the country.

Assistance from the United States Environmental Protection Agency (USEPA) is needed to test for
environmental contaminants that are potentially being released to the air and impacting the
environment. USEPA’s assistance is needed to overcome technical barriers for completing this work to
date including: 1) commercial laboratory analytical limitations for handling more complex sample
matrices; 2) unknown nature of the compounds because they are proprietary, manufacturing
byproducts or degradation compounds contained in raw materials; and 3) lack of expertise and
experience associated with advanced fluorochemistry and its fate and transport properties. USEPA
could assist by analyzing samples using high resolution mass spectrometry with a comprehensive
assessment of the spectral data using library searches.



Timothy H. Watkins

USEPA Office of Research and Development
October 27, 2017
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NHDES will utilize this information to:

(1) Understand the current emissions of fluorinated compounds generated when utilizing current
chemical formulations;

(2) Assess if conditions warrant the installation of treatment systems for air emissions to
proactively prevent the contamination of the environment and drinking water with the newer
alternative chemicals or precursor compounds;

(3) Ensure any potential air pollution control equipment systems that may be required to be
installed are designed to remove not only PFOA and PFOS compounds but also any other PFAS
compounds and associated degradates, some which could be precursors to the formation of
PFOA and PFOS. This information is critical for ensuring any air pollution control equipment is
properly designed for potential PFAS emissions and that remediation systems removing PFOA
and PFOS do not unknowingly redistribute other PFAS contaminants;

(4) Differentiate sources of contamination when and where there is the potential for multiple
sources of contamination by identifying a signature of distribution of compounds for different
sources of PFAS; and

(5) Prioritize what contaminant(s) need a risk assessment based on what is actually being
measured in the environment via the air emission pathway.

We greatly appreciate your assistance on this matter. We look forward to our continued partnership in
successfullv addressing these emerging drinking water contaminants. Please do not hesitate tn contact
me (603)271-8806) or Catherine Beahm

(603) 2/1-2822) should you have any questions.

Assistant Commissioner

cc:  Meghan Cassidy, USEPA Region 1

Andy Lindstrom, USEPA ORD

Michael Wimsatt, NHDES

Lea Anne Atwell, NHDES

Eugene Forbes, NHDES

Brandon Kernen, NHDES

Michael Fitzgerald, NHDES

Cathy Beahm, NHDES



Appendix A-4
Work Plan #2 — Saint-Gobain Performance Plastics Air Sample Collection

Plan for Non-Targeted Per- and Polyfluoroalkyl Substances Analysis
April 18, 2018



Saint-Gobain Performance Plastics Air Sample Collection Plan for Non-Targeted Per-

and Polyfluoroalkyl Substances Analyses
April 18, 2018

1.0 Objective

The objectives of this sampling program are to identify the full spectrum of per- and polyfluoroalkyl
substances (PFAS) in air emissions, process feedstocks, and process residuals from Saint-Gobain
Performance Plastics (SGPPL) in Merrimack, New Hampshire and to assess the performance of a
candidate pilot-scale air pollution control system. The identification and possible quantification of PFAS
compounds will be conducted using multiple GC/LC/mass spectrometric techniques (e.g. low and high
resolution time of flight preceded by gas chromatography separation and tandem mass spec preceded
by liquid chromatography separation). These analyses will be conducted at the United States
Environmental Protection Agency’s Office of Research and Development (ORD) laboratories located at
Research Triangle Park, North Carolina and Athens, Georgia.

The results of the program will be used to identify the specific PFAS compounds and related byproducts
associated with air emissions and compounds that are being detected in the environment. NHDES will

utilize this information to:

(1) Document emissions of fluorinated compounds utilizing current chemical formulations;

(2) Determine whether conditions warrant the installation of air poliution controls to prevent the
environmental impact with the next generation of raw materials;

(3) Ensure that a pilot scale air pollution control system is designed to effectively control PFAS and
associated analogues, some of which are known precursors to the formation of PFOA and PFOS.

(4) Develop “source type signatures” to differentiate multiple sources of contamination; and

{5) Develop risk based prioritization procedures for evaluating air emissions {both deposition and
inhalation pathways) for contaminant(s) measured in the environment.

2.0  Approach to Work

The approach to completing the work is described in Tasks 1-4, below. The sampling locations
associated with each task are shown in the Figures 3 — 5 of the attached SGPPL Stack Test Plan dated

April 11, 2018.
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Task 1 — Air Emission Samples

SGPPL has contracted with Barr Engineering to conduct the stack testing that will collect the air emission
samples. Barr Engineering will be using SGS Laboratories to prepare field reagents and perform
analytical work for SGPPL. NHDES staff will be on site during the stack testing to observe the entire test
program and SGPPL has agreed to collect additional samples’ for submittal to ORD for non-routine

analyses.

The combined program will involve the testing of one cast film and two fabric coating towers as listed
below:
e MA Tower — Emission samples from this fabric coating tower will be collected at the uncontrolled
exhaust prior to the dilution fan/exhaust stack.
e MS Tower — Emission samples from this fabric coating tower will be collected at the uncontrolled
exhaust prior to the dilution fan/exhaust stack.
e QX Tower —Emission samples from this cast film tower will be equipped with a pilot-scale wet
cyclone/fiberbed mist collection system (APCE). Emission samples will be collected
simultaneously at the inlet and outlet locations of the APCE.

A modified method 5 (MM5) train will be used to collect PFAS compounds with nominal boiling points
greater than 100°C. For the purpose of collecting samples for ORD, three 2-hour test runs® will be
conducted for each tower location for a total of 12 sample sets. In addition, reagent blanks will be
collected for each MMD5 fraction and a field biased blank sampling train will be set up and recovered to
assess any field contamination issues.

Each MMS5 sample train consists of a nozzle, heated probe, heated glass fiber filter, XAD-2/Condenser
Module, three Greenberg-Smith impingers [one containing 100 mL DI water, one containing 100 mL
0.1N sodium hydroxide {NaOH), and one containing 0.01N sodium borate], a second unheated filter
followed by an indicating silica gel impinger for water vapor removal. Since each train has 6 fractions
plus a methanol {MeOH) rinse fraction, there will be a total of 7 fractions per sampling train for a total of

98 samples to be analyzed separately.

Summa Canisters will be used to collect volatile compounds with boiling points less than 100°C. Canister
samples will be collected during each of the 2-hour test runs summarized above. Sampling will be
conducted in accordance with the methodology specified in EPA’s Compendium of Methods for the
Determination of Toxic Organic Compound — TO14A and TO15. Canister orifices will be adjusted to

1 Since the tower ductwork is anticipated to be less than 24 inches in diameter, concurrent sampling following standard
EPA methodology is prohibitive. Therefore, a total of 6 test runs will be conducted for each tower sample location with
every other test run sent to ORD and the remaining sent to the commercial lab (SGS Laboratory).

2 Testruns will be two hours in duration unless labs state that longer timeframes are required for lower detection limits.
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collect integrated samples during the specified 2-hour test period. NHDES will conduct the sampling
according to EPA’s Miscellaneous Operating Procedure (MOP) that will be provided as part of the
Summa Canister shipment. A total of 12 samples, 1 field blank and 3 ambient locations (TBD)} will be
collected.

The industry standard when conducting stack testing using sampling trains involving resins is for the test
company to send the glass resin traps and glass fiber filters to the lab conducting the sample analyses.
The lab cleans the glass traps according to their QC protocol, prepares and QCs the resin batch (in this
case XAD-2), packs the resin traps, spikes the traps with surrogates to assess recovery and ships the
sampling media to the field for the sampling team to use. Similarly, the laboratory may QC the filter
media/reagents and/or pre-clean the filters and provide these reagents to the sampling team. This is
important because the sampling company must choose glass traps that are compatible with their
sampling equipment. Also, on past tests for PFAS, the lab provided the other reagents that were QC'd as
is the case with the XAD. This included the DI water, 0.1N NaOH, MeQH, 0.01N sodium borate, pre-
cleaned glass fiber filters and sample recovery bottles.

In this case, there are two labs conducting the post-testing analyses: ORD and SGS Laboratories.
Therefore, it is imperative that coordination of the pre-test preparation work be facilitated in a way that
all parties are aware of the details and schedule. Barr Engineering will provide XAD glassware to SGS
Laboratories for cleaning, packing resin, and spiking and SGS will provide the reagents for samples that
are QC’d. The field team will collect reagent blanks in the field and assemble and recover a field-biased
blank train to account for any handling bias during one of the test runs.

ORD will provide a surrogate mixture to SGS and SGS will add this surrogate mixture as a field spike to
the resin traps designated for the ORD sample sets. These traps will be spiked with the labeled
compounds listed below:

Compound Abbreviation
Perfluoro-n-[3,4,5-13C3]pentanoic acid M3PFPeA
Perfluoro-n-[1,2-13C2)decanoic acid MPFDA
Perfluoro-n-[1,2,3,4-13C4]octanoic acid MPFOA
Sodium perfluoro-1-[1,2,3,4-13C4]octanesulfonate MPFOS
2-Perfluorohexyl-[1,2-13C2]-ethanol (6:2) M2FHET

2,3,3,3-Tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy)-13C3-
propanoic acid

M3HFPO-DA
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Task 2 — Sample PFAS-Based Raw Materials

Samples of raw materials thought to contain PFAS compounds were collected at this facility as part of
the initial ORD sampling project in the fall of 2017. Based on process information submitted by SGPPL
to NHDES, the raw materials that are planned to be used at the time of the stack testing are the same as
those already sent to ORD. The actual coating formulations used at the time of the stack test will be
collected from each dip pan(s) on each tower during each test run and sent to ORD for analysis. At a
minimum, 1 sample from the dip pan from the MA and MS Towers for each of the stack test runs will be
collected, for a total of 6 samples from these two towers. At a minimum, 1 sample from each dip pan
from the QX Tower for each of the stack test runs will be collected. Since the QX Tower will be operated
using four passes, there will be 4 samples for each stack test of the QX Tower for a total of 12 samples.
In total, ORD will receive 18 dip pan samples.

Task 3 — Sample Char/Carbon Material Taken from Air Emission Towers

Three samples of solid materials that accumulate on the interior of the towers were collected as part of
the initial ORD sampling project in the fall of 2017. Three additional samples of this material will be
collected during the stack testing program and are summarized as follows:

s One sample from the MA Tower which has been in operation at SGPPL since 1994. The ductwork
was replaced and the oven and ancillary process components were cleaned in 2016. Therefore,
the solid material that will be collected from this stack will most likely represent new dispersions
used since 2016.

e One sample from the MS Tower which has been in operation at SGPPL since 2002. The solid
material that will be collected from this stack may potentially contain residue components from
pre-2006 PFOA based dispersions AND new dispersions that have been used since 2006.

e One sample from the QX Tower which has been in operation at SGPPL since 1989. This tower has
the highest PFOA partition factor based on previous stack test results and therefore receives the
highest load of emissions. The solid material coating the interior of the tower would likely be
associated with emissions that occurred while PFOA-based dispersions were in use and emissions
that occurred after the use of PFOA had been phased out.

Task 4 — Sampling of the Pilot-Scale Air Pollution Control Equipment (APCE)

SGPPL is planning on conducting a pilot-scale evaluation of a candidate air pollution control technology
on the QX Tower in addition to collecting samples for ORD. Inlet and outlet samples will be collected as
described under Task 1 ahove.
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The candidate APCE is a wet cyclone/fiberbed mist collection system. Gas enters the unit and passes
through a wet cyclone where larger particles are removed. The material that is removed falls into the
cyclone sump and the water in the sump is recirculated through the cyclone. In a full scale system, the
sump has a makeup water feed and a slow solids removal cycle for higher solids applications. In the case
of water soluble PFAS, the situation exists where the PFAS concentrations in the water could exceed the
solubility of the sump liquid if the makeup water input is not sufficient.

The filter system is a spun fiber type (depth filter type) and would not normally have a pulse system to
clean the surface of collected particulate. Any particulate that is not embedded in the filter structure
drops to the hopper and the fine particles enter the depths of the filter. At some point, the filter plugs
and must be changed.

In conjunction with the APCE evaluation and in addition to the air samples, NHDES will collect samples of
the make-up water (from plant water source — 1 sample), sump water (for each of the three APCE test
runs on QX Tower — 3 samples) and any solid matter that can be removed from the internals of the unit
after the test is done and the unit is taken offline (e.g. sump solids, particulate filter material — 2

samples).

The following types and quantities of samples will be collected for each project task:

Air Emission Summa Canister Dip Tank Char Material Proces§ Water
samples samoles Coatings from Tower and Solids from
P P & Stacks APCE
Task 1 98 16
Task 2 18
Task 3 3
Task 4 6
Total 98 16 18 3 6
Total Number of Analytical Fractions 141

3.0 Sampling Procedures and Quality Assurance Project Plan

NHDES’ Quality Assurance Project Plan (QAPP) was included in the initial ORD request package. The
procedures for sampling for PFAS in the QAPP begin on document page 246.

4.0

Schedule

The sample collection described in this work plan shall be conducted late April and early May, 2018.

Sampling for Tasks 1-4 will occur concurrently.
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Appendix A-5
Stack Test Plan Saint Gobain Performance Plastics Corporation
Merrimack, New Hampshire
April 11, 2018









Private
Analytical

Laboratories and

Contacts:

PFAS and GenX analysis

SGS Accutest
Norm Farmer

Corporate Technical Director
Norman.Farmer@SGS.com
4405 Vineland Rd

Suite C-15

Orlando, FL 32811

Ammonia and Total Fluorides analysis
Element One Inc.

Paula Smith

6319-D Carolina Beach Road
Wilmington, NC 28412

PART II. TESTING REQUIREMENTS

(407) 425-6700 ext 2602
(407) 595-9987 mobile

The table below provides a summary of the pollutants to be tested and test methods.

Source Limitation | Pollutant Tested and | Specific Methods Citation
Description | Basis of Applicable Emission
Pollutant Limit
Tested
MA None Determine UCMR 3 EPA Methods 1-4
. List 1 PFAS .
Coating Modified EPA Method 5 (Three 2-hour test runs)
Tower compounds and
GenX. See compound
Exhaust .
list below.
Total Fluorides EPA Method 13B (Three 1-hr test runs)
Ammonia EPA CTM 027 (Three I-hr test runs)
MS None Determine UCMR 3 EPA Methods 1-4
Coating List I PFAS Modified EPA Method 5 (Three 2-hour test runs)
compounds and
Tower
GenX. See compound
Exhaust .
list below.
QX Cast None Determine UCMR 3 EPA Methods 1-4
Fl!m Line List 1 PFAS Modified EPA Method 5 (Three 2-hour test runs)
(pilot compounds and
control GenX. See compound | EPA Method 2 airflow rates will be measured on
device inlet list below. the main stack once during each test run to
and outlet) determine total airflow volume from the line.
Moisture content, gas composition and pollutant
concentration will be assumed equal to
measurements made at the pilot scale test inlet
location. The sum of airflow measurements made



















Pollutant Measurement Systems: Volume III Stationary Sources Specific Methods and Barr
Standard Operating Procedures.

B. Pretest preparations for Modified Method 5 for PFAS compounds includes cleaning and methanol
rinse of all sample train glassware components and the preparation of sampling reagents. Special
care is made to eliminate all components of the sample train that may contain fluoropolymer
constituents in order to avoid trace contamination of the samples from those components.
Examples include avoiding the use of Teflon™ compression fittings or ferrules, sealing tape or

sample jar liners, and fluoropolymer encapsulated O-ring seals.

PART VI QUALITY ASSURANCE AND LABORATORY STANDARD OPERATING
PROCEDURES

A. SGS Accutest Orlando facility has developed standard operating procedures for use of EPA
Method 537 for the purposes of this project. The SOPs are considered to be proprietary business
information by SGS and can be shared upon cxccution of a confidentiality agrecement.

B. A complete review of the analytical laboratory recoveries, duplicates, and raw data by a member

of Barr’s Data Quality Assurance staff will be performed and presented in the test report.

PART VII SAFETY

Emergency procedures are outlined in Saint Gobain’s “Contractor Control Program” which can be
reviewed upon arrival at the facility. In the event of a medical, fire or other emergency response, dial 911

and then the company contact.

PART VIHI TEST SCHEDULE

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Monday Tuesday Wednesday Thursday Friday Saturday
4/23 4/24 4/25 4/26 4/27 4/28
Travel Travel Facility Safety Test Towers Test Towers | Move gear
Meeting MA and MS from
MA and MS MA/MS
Pretest
Coordination to QX
. Three test runs Three test runs | inlet/outlet
Equipment Setup on each tower
on each tower




Three test runs
simultaneous at
each test location

Three test runs
simultaneous at
each test
location

Three 1-hr test
runs per test (six
runs total)

Day 7 Day § Day 9 Day 10 Day 11 Day 12
Sunday Mon Tuesday Wednesday Thursday Friday
4/29 4/30 5/1 52 5/3 5/4
Day Test QX Cast Test QX Cast Test Tower MA Travel Travel
off Film inlet/outlet Film inlet/outlet Fluorides and

ammonia RTAP

Typical Daily Test Schedule:

0700

0800

0800-1000
1000-1100
1100-1300
1300-1400
1400-1600

Barr staff arrive and process is running at this time

Target test start time

Test Run 1

Sample recovery

Test Run 2

Sample recovery

Test Run 3
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STANDARD OPERATING PROCEDURE

Particulate and Condensable Matter Sampling for
Ammonium Perfluoro-octoanate in Stack Emissions

1.0 Scope and Application

This Standard Operating Procedure (SOP) is applicable to gas streams flowing in ducts, stacks and flues
for the determination of average flow velocity, moisture content, gas molecular weight (carbon dioxide
(CO»), oxygen (O2) content) and ammonium perfluoro-octoanate (APFO) content in particulate and

condensable matter in stationary sources.

This SOP is primarily based on USEPA Method 35, however it also incorporates procedures [rom USEPA
Methods 1, 2, 3, 3A, and 4. It is the responsibility of the team leader/project manager to read and

understand the EPA Methods referenced.

2.0 Summary of Method

A representative measurement site is selected and stack gas is withdrawn isokinetically from the source
and collected in a heated sample probe, a series of chilled glass impingers and on a glass fiber filter
maintained at ambient temperature. The APFO mass is determined analytically; which includes any
material that condenses at the operating temperatures of the sampling train, is scrubbed or filtered from

the sample, or combines chemically with the sample train absorbing solutions.

3.0 Equipment and Supplies

3.1 Airflow Velocity

Stainless steel standard and type S Pitot Tubes of various lengths
Calibrated Pyrometer

Water for Wet Bulb

Calibrated Thermocouples

Calibrated Barometer

Calibrated differential pressure measurement devices
Tape Measure

Duct tape

Sharpie Marking Pens

High temperature fiberglass tape

Wet Bulb Wicks
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3.5 General Equipment

Extension cords (50 and 100 foot lengths) Lights

Shelter (tent) for outdoor sampling locations

Heater for cold weather sampling locations

Folding table and chair for equipment setup

Ropes (50-150 fect in length as needed) to raise and lower equipment to sample platforms
Plastic trash bags

Briefcase with copies of necessary field data sheets, clipboard, calculator, pens.
Laptop computer for field data entry using spreadsheet for EPA Method 5 calculations
Duct Tape

Tools

Two-way radios

Polyethylene Tubing (1/4” O.D.)

Supply of compression fittings

Sample Cooler Ice Cooler

3.6 Safety Equipment

Hot gloves

Cold weather gear as needed

Hard Hats (with visors for splash protection as needed)

Protective coveralls and gloves as dictated by conditions at cach sample location
Ear Plugs

Safety Footwear

Respiratory protection

Portable Eyewash

First Aid Kit

Safety Glasses

Harness and lanyard(s) as required to work safely at each sampling location

4.0 Procedure

4.1 Selection of Measurement Site

4.1.1 Sampling and/or velocity measurements are performed at a site located at least eight stack or duct

diameters downstream and two diameters upstream from any flow disturbance such as a bend, expansion,

































4.4.5.2 Volume of Water Vapor Condensed

V st — I{’F_W.ﬁos R(T)std
(P)sa M,

hwe(std)=K, (V,-V)

Where:
K1 0.001333 m3/ml for metric units,

0.04706 ft3/ml for English units.

Il

4.4.5.3 Volume of Water Collected in Silica Gel.

_ Wy —Wi)RT,,

: = =K, (W -W,
Wsg (Sfd) pxtd Mw K2 wsg (S.fd) 3 ( F I)

where:
K2 = 1.0 g/g for metric units
= 453.6 g/lb for English units
K3 = 0.001335 m3/g for metric units,

= 0.04715 ft3/g for English units.

4454  Sample Gas Volume

VYp T |4
m(sld): m pm std :K4Y mpm
Ps!d Tm Tm
where:
K4 = 0.3855 °K/mm Hg for metric units,

= 17.64 °R/in. Hg for English units.

NOTE: If the post-sample leak rate (Section 4.4.1.7) exceeds the allowable rate, correct the value of Vm

in Equation 4-3, as described in Section 12.3 of Method 5.
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45.12.7 APFO Concentration.

CAPFO = Mapro/ Vm(std)

45.12.8 Isokinetic Variation.

where:

K4 0.003454 [(mm Hg)(m*)}/[(m])(°K)] for metric units,

0.002669 [(in. Hg)(ft*))/[(ml)(°R)] for English units.

45129 Acceptable Results. If 90 %<1 <110 %, the results are acceptable.

4.5.12.10 Stack Gas Velocity and Volumetric Flow Rate. Calculate the average stack gas velocity
and volumetric flow rate, if needed, using data obtained in this method and the equations in Sections 12.3

and 12.4 of EPA Method 2.
4.5.12.11 APFO Mass Emission Rate

EAPFO = cAPFO x Qd x 60
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6531 Box Springs Blvd + Riverside, CA 92507-0725
Phone: +1(951)653-6780 « Fax: +1(951)653-2430 + www.scottmarrin.com

Report Of Analysis
EPA Protocol Gas Mixtures

REPORT NO: 63595-01

BARRO1
TO: Barr Engineering Co REPORT DATE: August 29, 2013
Atin: Benjamln Wiltse CUSTOMER PO NO: BAW06112013

5150 West 76th Street
Edina, MN 55439-2900
(952) 832-2885

CYLINDER SIZE: 150A (141 std cu ft)

CYLINDER NUMRER: CA03980 CYLINDER PRESSURE: 2000 psia

A
El
Carbon dioxide 4.90 +0.06 % GMIS SRM 1674b Varian Model 3400 8/19/2013
Samp#: 7-14-E  Serial # 10680 4.90 %
Cyl#: CC116770  Cyi# CLM006389 Thermal Conductivity 490 %
7.99+0.08 % 6.98+0.07 % Gas Chromotoaraphy 4.89 %
Exp: 8/2/2019 Exp: 6/16/2012 LASTCAI A 8/7/2013 X: 490%
Oxygen 2123+022% GMIS SRM 2659a Varian Model 3800 8/26/2013
Samp#: 71-D-23  Serial # None 2122 %
Cyl#:CC88824  Cyl#: CAL015788 Thermal Conductivity 2123 %
2492+ 0.25% 20.72+0.043% Gas Chromotography 21.24 %
Exp: 2/25/2021 Exp: 1/1/2016 LAST CAL DATE: 8/7/2013 x: 2123 %
Nitrogen Balance
CERTIFICATION DATE: August 19, 2013 EPA EXPIRATION DATE: August 20, 2021
ppm = umole/mole % = mole-% x = EPA weighted mean

The above analyses were performed in accordance with Procedure G1 of the EPA Traceability Protocol, Report Number EPAB00/R-12/531, dated May 2012.
The above analyses shou|d not be used if the cylinder pressure is less than 100 psig.

APPROVED: W

M.S.Calhoun J. T. Marrin

The only liability of this company for gas which fails to comply with this analysis shall be replacement or reanalysis thereof by the company without extra cost.
47
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Coltbontion and Teating
Accreditation #62754

TECHNICAL GAS SERVICES

Red Ball Technical Gas Service
555 Craig Kennedy Way
Shreveport, LA 71107

800-551-8150

PGVP Vendor ID # G12017

EPA PROTOCOL GAS CERTIFICATE OF ANALYSIS

Cylinder Number; EB0099614 Certification Date: 08/14/2017

Product ID Number: 126786 Explration Date: 08/12/2025

Cylinder Pressure: 1900 PSIG MFG Facility: - Shreveport - LA

COA# EB0099614.20170726-0 Lot Number: EB0099614.20170726
Customer PO. NO.: Tracking Number: B1908036

Customer: Previous Certification Dates:

This calibration standard has been certified per the May 2012 EPA Traceability Protocol, Document EPA-600/R-12/531,
i using procedure G1.
L Do Not Use This Cylinder Below 100 psig (0.7 Megapascal).
Certified Concentration(s)
Component Concentration U “ainty Ana” " " Principle Assayed On
Carbon Dioxide 9.5% $0.10 % NDIR 08/14/2017
Oxygen 9.46 % +0.05 % MPA 08/09/2017
Nitragen Balance
Analyucal Measurement Data Avanable Online.
Reference Standard(s)

Serial Number Lot Expiratlon Type Balance Component Concentration Uncaertainty(%) NIST Reference
EBO060740 EB0060740.20170209 08/05/2025 GMIS N2 02 24 % 0.502 071001
5G9916836 SG-9916836 06/06/2022 NTRM N2 co2 19.98 % 0.7 101001

Analytical Instrumentation SMART-CERT

Component Principle Make Model Serial MPC Date

02 MPA Thermo 4101 1162980025 08/09/2017 =] I 1 ' [=m]
co2 NDIR Thermo 410i 1162980025 08/14/2017 =k L s ".ﬁ

) d
v 3 . B
e T

L) A
AEn e i B
[] [ :
byl i
E - T Tt

This is to certify the gases referenced have been calibrated/tested, and verified to meet the defined specifications. This
calibration/test was performed using Gases or Scales that are traceable through National Institute of Standards and
Technology (NIST) to the International System of Units (Sl). The basis of compliance stated is a comparison of the
measurement parameters to the specified or required calibration/testing process. The expanded uncertainties use a coverage

=

factor of k=2 to approximate the 95% confidence level of the measurement, unless otherwise noted. This calibration certificate
applies only to the item described and shall not be reproduced other than in full, without written approval from Red Ball
Technical Gas Services. if not included, the uncertainty of calibrations are available upon request and were taken into account
when determining pass or fail. 48

Brandon Theus
Analytical Chemist
Assay Laboratory: Red Ball TGS
Version 02-G, Revised on 2017-06-29







Appendix A-6
ORD Report #1
April 4,2018



April 4,2018

Mr. Clark Friese, Assistant Commissioner

New Hampshire Department of Environmental Services (NI DES)
29 Hazen Drive

P.O. Box 95

Concord, New Hampshire 03301

Dear Mr. Friesc:

[ am pleased to provide you with this initial laboratory report of perfluorocarboxylatc (PFCA)
concentrations in solid samples (char and soil). This report is in response to your request of June
22, 2017 asking for laboratory assistance analyzing per- and polytluoroalkyl substances (PFAS)
in environmental samples. PFCAs are a subset of PFAS. This report relates to solid matrix
samples sent to our Athens Lab that included three tower char and another three soil samples.
We understand that these samples were collected by New Hampshire Department of
Environmental Services (NH DES), on August 23, 2017 and September 8, 2017, respectively.
These samples were received at our Athens Lab by Dr. John Washington who was also
responsible for their lab processing.

It is our understanding that this information was requested by NH DES to help in their ongoing
investigation into the presence of PFAS in the environment near manufacturing facilities of
interest. This request relates to our research capabilities and interests applying targeted and non-
targeted analysis methods for discovery of the nature and extent of PFAS environmental
occurrence associated with industrial releases. The current report is limited 1o targeted results
only. Our non-targeted work requires considerable post-processing manual effort and therefore
will lag the targeted results.

EPA continues to develop analytical methods for many PFAS compounds in various media
including some of those included in this report. The data enclosed provides information related
to the concentration of certain PFAS in the media sampled. In this report we do not interpret
exposure or risk from these values. EPA does not currently have health based standards, toxicity
factors or associated risk levels for PFAS. other than perfluoroctanoic acid (PFOA).
perfluoroocatane sulfonate (PFOS), and perfluorobutanesulfonic acid (PFBS). Therefore. while
the data presented indicate the presence of PFCA. no conclusions can be made related to human
or environmental exposure and risk.

Thank you for inviting us to be part of this effort that helps to further both EPA’s and New
Hampshire's understanding of an important issue in the state. This is just one of many Agency
cfforts that demonstrate EPA’s commitment to cooperative federalism.



April 4. 2017

The results presented in the attachment represent the work of many within ORD s National
Exposure Research Laboratory. Our technical experts include Drs. John Washington, Mark
Strynar, Andy Lindstrom, Seth Newton, Thomas Jenkins, and James McCord. Our Quality
Assurance tecam includes Sania Tong-Argao and Brittany Stuart. Management support and
coordination has been provided by Drs. Timothy Buckley. Myriam Medina-Vera. Jack Jones,
Adam Biales, and Brian Schumacher.

If vou have anv auestions or concerns, do not hesitate to contact me at (919) 541-2106 or via
or Tim Buckley at (919) 541-2454 or via email at
ok forward to our continued work together.

Sincerely

e
Timothy H. Watkins
Director

Attachment

cc: Mcghan Cassidy, USEPA. Region 1
Deb Szaro, USEPA, Region 1
Jeff Morris, USEPA OPPT
Betsy Behl. USEPA, OW
Peter Grevatt, USEPA, OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD
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Summary of Methods and Results

New Hampshire Department of Environmental Services (NH DES), in coordination with Region
1, requested ORD’s technical support in analyzing PFAS in environmental samples potentially
impacted by industrial sites within the state. NH DES assumed responsibility for the collection of
samples and their shipment to our laboratories. ORD was responsible for sample extraction and
analysis of PFAS. We are providing the results of our analysis as they become available. This is
our first report.

The current report includes resulis for char (n=3) and soil (n=3) samples that were sent to and
analyzed under the direction of Dr. John Washington within our Athens Lab. Samples were
collected in containers provided by NH DES and shipped to EPA. Thirteen PFCA analytes
(Table 1) were analyzed using methods described within an approved Quality Assurance Project
Plan (QAPP)! and that have been generally described in Rankin et al., 2015.% In brief, each
sample was divided into three ~1 g aliquots and extracted and analyzed in triplicate. Extracts
were analyzed by liquid chromatography / mass spectrometry (Waters Acquity UPLC coupled to
a Waters Quattro Premier XE tandem) and quantified using mass-labeled internal standards.
These analyses were performed on samples, process blanks, and check standards using internal-
calibration curves for quantitation. The mean value of the triplicate analysis is reported. Reported
results are based on the identification and quantification of analytes using certified standards
(i.e., targeted analysis).

Some of the sample extract required dilution so that concentrations were within the acceptable
range of the calibration curve. The reported results have been adjusted for each dilution factor
and flagged accordingly in Table 2.

Table 1. Summary of Reported Perfluorocarboxylates

PFCA._ | Compound Name _ | Acrenym | CAS Number
C4 Perfluorobutanoic acid PFBA 375-22-4
C5 Perfluoropentanoic acid PFPeA 2706-90-3
Cé Perfluorohexanoic acid PFHx A 307-24-4
C7 Perfluoroheptanoic acid PFHpA 375-85-9
C8 Perfluorooctanoic acid PFOA 335-67-1
Co Perfluorononanoic acid PFNA 375-95-1
C10 Perfluorodecanoic acid PFDA 335-76-2
Cl11 Perfluoroundecanoic acid PFUnDA | 2058-94-8
Cl12 Perfluorododecanoic acid PFDoDA | 307-55-1
C13 Perfluorotridecanoic acid PFTrDA | 72629-94-8

! Strynar, M.; Washington, J.; Lindstrom, A.; Henderson, W. 2017. Quality Assurance Project Plan: Non-Targeted
Analyses of Per- and Polyflucroaiky] Substances (PFAS) for New Hampshire Department of Environmental
Services (NHDES). D-EMMD-PHCB-015-QAPP-G1.

K. Rankin, S. A. Mabury, T. M. Jenkins, J. W. Washington, A North American and global survey of
perfluoroalky] substances in surface soils: Distribution patterns and mode of occurrence. Chemosphere 161, 333-341
(2015).



Cl4 Perfluorotetradecanoic acid PFTeDA | 376-06-7
C16 Perfluorohexadecanoic acid PFHxDA | 67905-19-5
C18 Perfluorooctadecanoic acid PFOcDA | 16517-11-6

April 4, 2017

Targeted results are provided in Table 2 below for 13 perfluorocarboxylates that range from C4
through C18. Results are reported in mass of PFAS per unit mass of dry solid. Please note that
the units are reported in pg/g for char samples and pg/g for soil samples. Precision of our
measurements was estimated by the relative standard deviation (RSD) of triplicate
extractions/analyses. For char across all of the compounds, the median RSD was 12.9% and
ranged from 1.6% to 48.8%. Similarly for soils, the median RSD was 19.2% and ranged from 1.2
to 51.6%. The values reported for target analytes all exceeded levels detected in process blanks
{(p<0.05) and were corrected for any low detections in process blanks. No field blanks were
provided or analyzed; however, quality control check standards were analyzed at varying
concentrations throughout the analysis to ensure that measurements at varying points of the
calibration range were within quality control specifications. Recovery of these standards ranged
from 79.3% to 118% which was within our + 30% criteria for acceptability.

As was expected, the measured perfluorocarboxylates tended to occur at higher concentrations in
the char samples than the soil with char results ranging from <LOD (limit of detection) to 1430
ng/g. Soil results were in the pg/g range and varied from <LOD to 7420 pg/g. Among the char,
PFCA concentrations were consistently higher at “QX Tower” followed by the “MS Tower,” and
lowest for the “MA Tower.” Similarly for soil, PFCA. concentrations generally trended
“EPAORDS1” > “EPAORDS2" > “EPAORDS3.” Across both matrices, the highest
concentration was consistently observed for C8 (PFOA).

Table 2. Concentration of Perfluorocarboxylates Measured in New Hampshire Samples

| PFCA | SampleID | Matrix | Cone. |Unit| Flag(s)*
C4 MS Tower | Char 3.13 | ug/s D2
C5 MS Tower | Char 441 ugle D2
C6 | MSTower | Char 5.1 | ugle D2
C7 MS Tower | Char 7.60 | ugle D2
C8 MS Tower | Char 439 | pgle D3
C9 MS Tower | Char 425 | ug/g D2
C10 MS Tower | Char 944 | ug/g D2
Cll MS Tower | Char 4.55 |pg/s D2
C12 MS Tower | Char 912 | ugfg D2
C13 | MS Tower | Char 507 | ug/e D2
C14 | MS Tower | Char 10.8 | pg/s D2
Cl6 MS Tower | Char 7.95 |uglg D2
C18 MS Tower | Char -~ ng/ D2, <LOD
C4 QX Tower | Char 20.1 ug/g D2
C5 QX Tower | Char 41.7 | ug/s D2
Cé QX Tower | Char 122 | pg/p D2
c7 QX Tower | Char 71.5 ng/'g D2




' PFCA | SampleID | Matrix | Conc. |Unit| Flag(s)*

C8 QX Tower | Char 1430 | ug/g D3

Co QX Tower | Char 362 | pglg D2
Cl10 QX Tower | Char 74.8 | ug/g D2
Cli QX Tower | Char 52.2 | uglg D2
Cl2 QX Tower | Char 87.5 | ug/g D2
C13 QX Tower | Char 62.9 | ug/s D2
Cl4 QX Tower | Char 79.3 ug/g D2
Cl16 QX Tower | Char 284 ugle | D2,<LOQ
Ci18 QX Tower | Char 3.14 | ug/g| D2,<LOQ
C4 | MA Tower | Char - pe/g | D2, <LOD
Cs MA Tower | Char - ug/g | D2,<LOD
Cé6 MA Tower | Char 0.212 |pg/g| D2, <LOQ
C7 | MA Tower | Char - pg/g | D2, <LOD
C8 MA Tower | Char 2.55 ug/g | D2, <LOQ
C9 MA Tower | Char -- ug/g | D2, <LOD
C10 MA Tower | Char - pg/g | D2, <LOD
Cl1 MA Tower | Char -~ ug/e | D2,<LOD
Ci12 MA Tower | Char 0.100 | upg/pg| D2,<LOQ
Cl13 MA Tower | Char 0.095 |upg/e| D2,<LOQ
Cl4 | MATower | Char | 0.193 |ug/g D2
Cl6 MA Tower | Char 0.423 | ng/g D2
Cl18 MA Tower | Char 0.357 |(uglg! D2, <LOQ
C4 | EPAORDSI | Soil 194 pg/y UD

C5 | EPAORDS] | Soil 380 | pg/g | UD, <LOQ
C6 | EPAORDS1 | Soil 1270 | pe/g UD

C7 | EPAORDSI1 | Soil 615 | pe/e UD

C8 [ EPAORDS1 | Sail 7420 | pp/g | DI1,<LOQ
C9 | EPAORDSI | Soil 240 | pg/s UD
C10 | EPAORDS!1 | Soil 238 pg/e | UD,<LOQ
C11 | EPAORDS] | Soil 90.0 |[pg/gl UD,<LOQ
Cl12 | EPAORDSI | Soil -- pg/g | UD, <LOD
C13 | EPAORDSI | Soil - pe/g | UD,<LOD
C14 | EPAORDSI | Soil - pe/g | UD, <LOD
Cl6 | EPAORDS] { Soil - pg/g | UD, <LOD
C18 | EPAORDS] | Soil - pe/g | UD, <LOD
C4 | EPAORDS2 [ Soil - pg/g | UD, <LOD
C5 | EPAORDS2| Soil - pg/e | UD, <LOD
C6 | EPAOQRDS2| Soil 175 pg/g | UD, <LOQ
C7 |EPAORDS2!| Soil 540 | pg/g UD

C8 | EPAORDS2 | Soil 6950 | pg/s UD

C9 | EPAORDS2 | Soil -- pg/g | UD,<LOD
C10 | EPAORDS2 | Soil 343 | pg/g | UD, <LOQ
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PFCA | SampleID | Matrix | Conc. | Unit| Flag(s)*
C11 | EPAORDS2 | Soil - |pe/g| UD,<LOD
Ci2 | EPAORDS2 | Soil - |pg/e| UD,<LOD
Ci13 | EPAORDS2 | Soil - | pg/g| UD,<LOD
Cl4 | EPAORDS2| Soil -  |lpsg| UD,<LOD
Cl6 | EPAQORDS2| Soil - pg/g | UD, <LOD
C18 | EPAORDS2 | Soil —~ | pg/e| UD,<LOD
C4 | EPAORDS3 | Soil ~ |pg/e| UD,<LOD
C5 | EPAORDS3 | Soil 189 |pg/e| UD,<LOQ
C6 EPAORDS3 | Soil 56.1 |pg/g | UD, <LOQ

C7 | EPAORDS3 | Soil 165 | pg/g | UD, <LOQ
C8 | EPAORDS3 | Soil 1140 | pg/g UD

C9 | EPAORDS3 | Soil 214 | pg/g | UD,<LOQ
C10 { EPAORDS3 | Soil 194 | pg/g | UD,<LOQ
Cl1t | EPAORDS3 | Soil 570 |pg/e| UD,<LOQ
Cl2 | EPAORDS3 | Soil ~ |pg/g| UD,<LOD
C13 | EPAORDS3 | Soil - |pg/e| UD,<LOD
C14 | EPAORDS3 | Soil - |pglg| UD,<LOD
C16 | EPAORDS3 | Soil - | pg/g | UD,<LOD
C18 | EPAORDS3 | Soil - | pe/g| UD,<LOD

¥ Flags defined:

UD = undiluted

D1 = 10-fold dilution
D2 = 10*fold dilation
D3 = 10°-fold dilution
<LOQ = Less than limit of quantitation (defined as exceeding process blanks p>0.05 but <0.001)
<L.OD = Less than limit of detection (defined by p<0.05)
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July 24,2018

Mr. Clark Freisc, Assistant Commissioner

New Hampshire Department of Environmental Services
29 tazen Drive

PO Box 95

Concord, New Hampshire 03301

Dr. Mr. Freise,

I am pleased to provide you with the attached report which presents additional results of analyses of
per — and polyfluoroalkyl substances (PFAS) concentrations in char and soil samples collected by
the New Hampshire Department of Environmental Services (NH DES) staff. This report provides
results of non-targeted analyses ot the same three soil and three char samples that were previously
analyzed for C4-C18 “legacy™ pertluorocarboxylates using targeted mcthods and dclivered to the
NH DES in our April 4, 2018 report. The current rcport is significant in identifying the presence of
two PFAS scries that 10 our knowledge has not been previously reported as an environmental
contaminant.

It is our understanding that this information was requested by the NH DES to help in their ongoing
investigation into the presence of PFAS in the environment near manufacturing facilitics of interest.
This request relates to our research capabilitics and interests applying targeted and non-targeted
analysis methods for discovery of the nature and extent of PFAS environmental occurrence.

The U.S. Environmental Protection Agency continues to develop analytical methods for many PFAS
compounds in various media including somec of those included in this report. The data enclosed
provides information related to the concentration of certain PFAS in the media sampled. In this
report we do not interpret exposure or risk from these values. The EPA docs not currently have
health bascd standards, toxicity factors or associated risk levels for PEAS, other than
perfluoroctanoic acid (PFOA), perfluoroocatane sulfonate (PFOS). and perfluorobutanesulfonic acid
(PFBS). Therefore, while the data presented indicate the presence of two novel PFAS series, no
conclusions can be made related to human or environmental exposure and risk.

Thank you for inviting us to be part of this effort that helps to further both the EPA’s and New
Hampshire's understanding of an important issue in the state. Providing this type of support to the
NH DES aligns well with our research capabilities and interests in applying targeted and non-
targeted analysis methods. It also demonstrates our commitment to. and the relevance of our research
in support of. cooperative federalism to address pressing environmental health concerns of New
Hampshirc residents.



[f vou have anv auestions or concerns, do not hesitate to contact me at (919) 541-2106 or via email
“Tim Buckley at (919) 541-2454 or via email at
[ look forward to our continued work together.

Sincerely.

st

Timothy H. Watkins
Director

Attachment

cc: Meghan Cassidy, USEPA, Region |
Deb Szaro, USEPA, Region 1
Jeff Morris. USEPA OPPT
Betsy Behl, USEPA. OW
Peter Grevatt. USEPA. OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD



Technical Report #2: ORD Technical Support to New Hampshire: Non-Targeted PFAS
Measurements in Char and Soil

Date: July 24, 2018
Report Team

¢ Laboratory Chemists: Drs. John Washington, Mark Strynar, Andy Lindstrom, Seth
Newton, Thomas Jenkins, and James McCord

¢ Quality Assurance Review: Sania Tong-Argao and Brittany Stuart

¢ Management Coordination and Review: Drs. Myriam Medina-Vera, Jack Jones,
Adam Biales, and Brian Schumacher

e Report Preparation: Dr. Tim Buckley

Summary of Methods and Results

New Hampshire Department of Environmental Services (NH DES), in coordination with Region
1, requested ORD’s technical support in analyzing PFAS in environmental samples potentially
impacted by industrial sites within the state. NH DES assumed responsibility for the collection of
samples and their shipment to our laboratories. ORD was responsible for sample extraction and
analysis. We are providing the results of our analysis as they become available. Our first report
dated April 4, 2018 provided targeted analysis results for C4-C18 “legacy™ perfluorocarboxylates
in 3 soil and 3 char samples.

This is our second report and it includes non-targeted analysis results conducted by Dr. John
Washington of the same soil and char samples previously reported (Report No. 1). The non-
targeted analysis differs from the targeted in that chemical identification and quantification does
not have the benefit of being based on a known standard. Accordingly, there is more uncertainty
both in terms of identification and concentration estimation.

The PFAS reported here were identified and quantified using non-targeted analysis methods
described within an approved Quality Assurance Project Plan (QAPP)'. These methods are also
" generally described in Rankin et al., 2015.2 In brief, each sample was divided into three ~1 g
aliquots and extracted and analyzed in triplicate. Extracts were analyzed by liquid
chromatography / mass spectrometry using a Waters Acquity UPLC coupled to a Waters Xevo
G2-XS QTOF for non-targeted identification followed by a Waters Acquity UPLC coupledto a
Waters Quattro Premier XE tandem for quantitation. The non-targeted PFAS are identified based
on a combination of high-resolution mass spectral data along with patterns of fragmentation.
Without the benefit of a standard, we quantify based on the fully fluorinated homologue for
which we do have a standard. In effect, our quantification of the non-targeted analyte, in this

! Strynar, M.; Washington, J.; Lindstrom, A.; Henderson, W. 2017. Quality Assurance Project Plan: Non-Targeted
Analyses of Per- and Polyfluoroalky! Substances (PFAS) for New Hampshire Department of Environmental
Services (NHDES). D-EMMD-PHCB-015-QAPP-01.

2K, Rankin, S. A. Mabury, T. M. Jenkins, J. W. Washington, A North American and global survey of
perfluorcalkyl substances in surface Soil: Distribution patterns and mode of occurrence. Chemosphere 161, 333-341
(2015).
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case the hydrogenated carboxylic acid, assumes that the mass specirometer responds to the fully
fluorinated species as it does the hydrogenated, i.e. yielding identical chromatographic peak
areas. A calibration curve is used for quantification, however, the curve is developed for
chemicals for which we have a standard and that are similar to our non-targeted analyte. In most
cases, the standard is the fully fluorinated version of the PFAS we are quantifying as noted in
Table 3. Our experience with these chemicals has shown that this means of estimation often is
within an order of magnitude uncertainty. Some of the sample extracts required dilution so that
concentrations were within the acceptable range of the calibration curve. The reported results
have been adjusted for each dilution factor and flagged accordingly. These analyses were
performed on samples and process blanks using internal-calibration curves for quantitation. The
mean value of the triplicate analysis is reported.

Measurement precision was estimated by the relative standard deviation (RSD) from triplicate
analysis of each sample. For char samples, the median RSD across all of the compounds was
4.4% and ranged from 0.7% to 31%. We observed greater variability in soil where
concentrations were much lower. The median RSD for soil was 66% and ranged from 8.4% to
170%. Field blanks were not provided so limits of detection (LOD) and quantification (L.OQ)
were determined from process blanks at p<0.05 and p<0.001, respectively. Reported
concentrations were corrected for any low detections in process blanks.

The non-targeted analysis identified two PFAS series not previously reported to our knowledge
as an environmental contaminant. The first is a PFAS carboxylic acid series that ranges from C6
to C20 where there is a single hydrogen substitution for fluorine. Our identification of the
chemicals in this series is provided in Table 1. We are confident in chemical identities based on
mass-speciral data including high resolution mass and fragmentation data. However, at present
we cannot determine the exact location of the hydrogen substitution, and therefore we have not
specified a CAS number. The generic hydrogenated polyfluorinated carboxylic acid (HPFCA)
structure is given in Figure 1 with the hydrogen arbitrarily placed in the terminal position.
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Figure 1. Generic structore of
hydrogenated polyflucrinated
carboxylic acid (HPFCA). At present,
the exact position of the hydrogen is
undetermined.
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Table 1. PFAS Single Hydrogen Substituted Carboxylic Acid Series Identified
Using Non-Targeted Analyses that are the Subject of this Report.

Carben Anion

No. Compound Name Acronym Formula
HCé6 Hydro-polyfluorohexanoic acid HPFHxA HCeF 1002
HC7 Hydro-polyfluoroheptanoic acid HPFHpA HCF1202
HCS8 Hydro-polyfluorooctanoic acid HPFOA HC3sF 140,
HCY Hydro-polyfluorononanoic acid HPFNA HCoF 1602
HC10 Hydro-polyfluorodecanoic acid HPFDA HCioF 1502
HC11 Hydro-polyfluoroundecanoic acid HPFUA HC11F20;
HC12 Hydro-polyfluorododecanoic acid HPFDoA HC2F20n
HCI13 Hydro-polyfluorotridecanoic acid HPFTrA HCi3F2402
HC14 Hydro-polyfluorotetradecanoic acid HPFTeA HCi4F2502
HC15 Hydro-polyfluoropentadecanoic acid HPFPDA HC5F2:0:
HC16 Hydro-polyfluorohexadecanoic acid HPFHxDA HC\6F3002
HC17 Hydro-polyfluoroheptadecanoic acid HPFHpDA HC7F1202
HC18 Hydro-polyfluorooctadecanoic acid HPFODA HC\3F3402
HC19 Hydro-polyfluorononadecanoic acid HPENDA HCoF360n
HC20 Hydro-polyfluoroicosanoic acid HPFIA HCa0F3302

The second series discovered is a polyfluorinated sulfonic acid series, again with a single
hydrogen substitution (Tabte 2). The generic hydrogenated polyfluorinated sulfonic acid
(HPFSA) structure is given in Figure 2 with the hydrogen arbitrarily placed in the terminal
position.
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Figure 2. The generic structure of
hydrogenated polyfluorinated
sulfonic acid (HPFSA), At present,
the exact position of the hydrogen is
undetermined.



Table 2. PFAS Single Hydrogen Substituted Sulfonic Acid Series
Identified Using Non-Targeted Analyses that are the Subject of this
Report.

Carbon Anion

No. Compound Name Acronym | Formula
HSC4 Hydro-polyfluorobutanesulfonate HPFBS HC4FsSO3
HSC5 Hydro-polyfluoropentanesulfonate HPFPS HCsF 15803
HSCé6 Hydro-polyfluorohexanesulfonate HPFHxS | HCeF12S0s
HSC7 Hydro-polyfluoroheptanesulfonate HPFHpS | HC7F 14803
HSC8 Hydro-polyfluorooctanesulfonate HPFOS HCgF 16503
HSC9 Hydro-polyfluorononanesulfonate HPFEFNS HCoF 3803
HSC10 Hydro-polyfluorodecanesulfonate HPFDS HC10F20S03
HSCl11 Hydro-polyfluoroundecanesulfonate HPFUS HC11F22803
HSC12 Hydro-polyfluorododecanesuifonate HPFDoS | HC12F24803
HSC13 Hydro-polyfluorotridecanesulfonate HPFTtS HC13F2803
HSC14 Hydro-polyfluorotetradecanesuifonate | HPFTeS | HC14F23S03
HSC15 Hydro-polyfluoropentadecanesulfonate | HPFPDS | HCy5F30S0;
HSC16 Hydro-polyfluorohexadecanesulfonate | HPFHxDS | HC16F3:S03
HSC17 Hydro-polyfluoroheptadecanesulfonate | HPFHpDS | HC17F34S0;
HSC18 Hydro-polyfluorooctadecanesulfonate | HPFODS | HC3F36S03

July 24, 2018

As was observed for perfluorocarboxylates in our first report, the hydrogen substituted analogues
tended to occur at higher concentrations in char relative to soil samples. The stack char
concentrations of HPFCA ranged from <L.OD (limit of detection) to 140 pg/g (HC10). (Note, the
upper range is uncertain because some values are only specified as exceeding the calibration
range.) Among the char samples, “NHCharMA” levels generally exceeding levels observed for
char from “MS” or “QX" stack samples.

Soi! concentrations were orders of magnitude lower than char samples. As a result, we report soil
levels in pg/g instead of pg/g. The observed variation ranges from <L.OD to 157 pg/g. As was
observed for PFCA i our first report, concentrations of the hydrogenated substituted PFCA.
tended to be much higher in soil sample “S1” relative to “S2” or “S3.” Having identified these
novel PFAS in char and soil, we will also be looking for these same novel PFAS in water and air
samples to be included in later reports.

At this time we provide concentration estimates for only HPFCA because we observed higher
concentrations of the HPFCA series relative to HPFSA. Based on a comparison of peak areas
between the carbon equivalents in the two series, HPFCA levels in char exceeded HPFSA by a
factor of 2 to 50 except for C6 and C8 where HPFSA was greater by a factor of 10 and 1.2,
respectively (results not provided). We would not expect to find HPFSA in sotl at appreciable
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levels because char PFAS concentrations generally exceed soil, and levels of HPFSA were
generally low in char. As mentioned above, the concentrations reported below in Table 3 are
considered semi-quantitative, likely within an order of magnitude of the actual value.

Table 3. Concentration Estimates of Single Hydrogen Substituted PFAS
Carboxylic Acids from Non-Targeted Analysis.

Carbon No.* Sample ID Matrix | Conc. Unit Flag(s)**
HCé6 NHChrarMS Char 2.98 ug/g DI

HC7 NHCharMS Char 0.631 ugle Dl

HC8 NHCharM§ Char 4.79 ng/g Dl

HCY NHCharMS$ Char 10.6 ug/e Dl

HC10 NHCharM$ Char 9.32 ng/g DI

HCl1 NHCharM8§ Char 2.64 ug/e DI

HC12 NHCharMS Char 7.95 ng/s Dl

HCI13 NHCharMS Char 2.99 pg/e D1

HC14 NHCharM$ Char 10.8 pe/g Dl
HC15a5Cl4 NHCharMS Char 5.75 ng/g D1

HC16 NHCharM$S Char 16.1 ngg D1

HCI7 asClé NHCharMS$§ Char 4.02 uele D1

HC18 NHCharMS Char 6.30 ug/g 3]
HC19asC18 | NHCharMS Char | 124 |pglg | DL <LOQ
HC20 as C20 NHCharM$S Char 0392 | pugle D1,<LOQ
HC6 NHCharQX Char - ug/g D1, <LOD
HC7 NHCharQX Char 0.142 | ug/e D1, <LOQ
HCS8 NHCharQX Char -~ ug/e D1, <LOD
HCY NHCharQX Char 1.71 ng/g DI, <LOQ
HC10 NHCharQX Char -- ug/s D1, <LOD
HC11 NHCharQX Char 0.620 | ug/e DI

HCI12 NHCharQX Char - ug/g D1, <LOD
HCI13 NHCharQX Char 0.547 | pg/g DI, <LOQ
HC14 NHCharQX Char 0.592 | ug/s D1, <LOQ
HCl15asCi4 NHCharQX Char 0.885 ug/g DI

HCl6 NHCharQX Char 0379 | ug/e D1, <LOQ
HCl17asCl16 NHCharQX Char 0.220 | pg/e D1, <LOQ
HC18 NHCharQX Char 0.213 ug/s D1, El
HCl1%9as C18 NHCharQX Char -- ug/s DI, <LOD
HC20 as C18 NHCharQX Char - ug/s Di, <LOD
HC6 NHCharMA Char 364 ng/g D1

HC7 NHCharMA Char 8.66 ng/s D1

HC8 NHCharMA Char 67.7 ug/g D1

HCY NHCharMA Char 101 ugle Dt

HCI10 NHCharMA Char 140 ug/e D1

HCI11 NHCharMA Char 26.6 uglg D

HCI2 NHCharMA Char >433 | pgle Di, E2
HCI3 NHCharMA Char 22.5 ne/g D1

HCl14 NHCharMA Char >433 | ngls D1, E2
HC15 NHCharMA Char | 429 | upg/e | DI




Table 3. Concentration Estimates of Single Hydrogen Substituted PFAS
Carboxylic Acids from Non-Targeted Analysis.

Carbon No.* Sample ID Matrix | Cone. | Unit Flag(s)**
HCi6 NHCharMA Char >21.8 | pg/e D1, E2
HC17 NHCharMA Char 31.7 g Di

HC18 NHCharMA Char >21.8 | pelp D1, E2
HC19 NHCharMA Char | 137 |ug/g | DI

HC20 NHCharMA Char 0356 | ug/g D1, <LOQ
HCé6 NHEPAORD-S1 Soil 50.9 25 UD, <LOQ
HC7 NHEPAORD-S1 [ Soil | 3.11 |pg/a | UD,<LOQ
HC38 NHEPAORD-S1 Sotl 50.9 pg/g uD

HC9 NHEPAORD-S1 Soil 113 g UD, <LOQ
HC10 NHEPAORD-SI | Soil 122 pg/s | UD

HCI1 NHEPAORD-S1 Soil 28.3 pe/s ubD

HC12 NHEPAORD-SI | Soil 104 pe/e | UD

ac13 NHEPAORD-SI | Soil | 238 |pge | UD

HC14 NHEPAQORD-S1 Soil 157 pe/e UD
HCl5as Cl4 NHEPAORD-S1 Soil 33.9 pe/s UD

HC16 NHEPAORD-S1 Soil 142 pe/y ub
HC17asCi6 | NHEPAORD-S1 | Soil 895 | pg/s | UD,<LOQ
HC18 NHEPAORD-S1 | Soil 136 |pgla | UD,<LOQ
HC19asCt8 | NHEPAORD-S1 | Soil | - pg/s | UD, <LOD
HC20asC18 | NHEPAORD-SI | Soil | -- pg/e | UD,<LOD
HC6 NHEPAORD-52 Soil -~ Ty UD, <LOD
HC7 NHEPAORD-S§2 Soil - pg/g UD, <LOD
HCS NHEPAORD-S2 | Soil | pe/g | UD, <LOD
HC9 NHEPAQRD-S2 Soil - 1 pg/s UD, <LOD
HC10 NHEPAORD-S2 Soit -- pg/g UD, <LOD
HCI11 NHEPAORD-S2 Soil - pg/g UD, <LOD
HCI12 NHEPAORD-S2 Soil -~ pg/e UD, <LOD
HC13 NHEPAORD-S2 Soil - pg/g UD, <LOD
HC14 NHEPAORD-$2 Soil -- pg/s UD, <LOD
HCiSasCld | NHEPAORD-S2 | Soil | -- pg/z | UD, <LOD
HCI16 NHEPAORD-S2 Soil -~ pe/g UD, <LOD
HC17as Cl6 NHEPAORD-S2 Soil -- pg/e UD, <LOD
HCI18 NHEPAORD-S2__ | Soil | -- ‘pg/z | UD, <LOD
HC19 as C18 NHEPAORD-S2 Soil - pglg UD, <LOD
HC20as Ci8 NHEPAORD-S82 Soil - p/g UD, <LOD
HC6 NHEPAQRD-S3 Soil -- pg/g UD, <LOD
HC7 NHEPAORD-S3 | Soil | -- pg/g | UD,<LOD
HC8 NHEPAORD-S3 Soil -- pg/g UDb, <LOD
HC9 NHEPAORD-S3__ | Soil 143 |pg/z | UD,<LOQ
HC10 NHEPAORD-S3 Soil -- pg/s | UD, <LOD
HCI11 NHEPAORD-S3 | Soil |- pgle | UD,<LOD
HCI2 NHEPAORD-S3 Seil - pgle UD, <LOD
HC13 NHEPAORD-S3 Soit 2.93 pe/e UD, <LOQ
HC14 NHEPAORD-S3 Soil 11.2 pg/g UD, <LOQ
HCl15asCl4d | NHEPAORD-S3 | Soil — pg/z_ | UD, <LOD
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Table 3. Concentration Estimates of Single Hydrogen Substituted PFAS
Carboxylic Acids from Non-Targeted Analysis.

Carbon No.* Sample ID Matrix | Cone. Unit Flag(s)**
HCl6 NHEPAORD-S3 Soil 10.9 pg/g UD, <LOQ
HC17asClé NHEPAORD-S3 Soil -~ pg/g UD, <LOD
HCI8 NHEPAORD-S3 Soil -- pg/g UD, <LOD
HC19 as C18 NHEPAQRD-S3 Soil -~ pg/g UD, <L.OD
HC20as C18 NHEPAQRD-S3 Soil - pg/g UD, <LOD

July 24,2018

*Unless specified otherwise, the hydrogen substituted PFAS was quantified based on the fully
fluorinated analogue.

** Flags defined:

¢ UD = undiluted

s DIl = 10-fold dilution

s  <LOQ = values are less than LOQ but exceed Limit of Detection {LOD) defined as
exceeding process blanks at P<0.05 level of significance
<LOD = Less than limit of detection and not significantly different than process blanks

» El=sample/analyte exceeded established precision criteria of +/- 30%
E2= the calibration range for the corresponding PFCA was exceeded so that the reported
values are greater than the highest calibration standard. The calibration range varied by
carbon length.
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Qctober 4, 2018

Mr. Clark Freise, Assistant Comunissioner

New Hampshire Department of Environmental Services (NHDES)
29 Hazen Drive

P.O. Box 95

Concord, New Hampshire 03301

Dear Mr. Freise:

I am pleased to provide the attached 3™ and 4" report from our ongoing collaborative technical
support to NHDES assisting with concern over PFAS environmental contamination associated
with manufacturing sites. These reports are in response to your request of June 22, 2017 asking
for laboratory assistance analyzing per- and polyfluoroalkyl substances (PFAS) in environmental
samples. The enclosed Report #3 provides results for surface and ground water samples. Report
#4 provides the results of stack sampling.

[t is our understanding that this information was requested by NHDES to help in your ongoing
investigation into the presence of per- and polyfluorinated alkyl substances (PFAS) in the
environment near manufacturing facilities of interest. This request relates to our research
capabilities and interests applying targeted and non-targeted analysis methods for discovery of
the nature and extent of PFAS environmental occurrence that may be potentially associated with
industrial releases. EPA continues to develop analytical methods for many PFAS compounds in
vartous media including some of those included in this report. We are providing the results of
our analysis as they become available.

In this report, we do not interpret exposure or risk from these values. EPA does not currently
have health-based standards, toxicity factors, or associated risk levels for PFAS, other than
perfluorooctanoic acid (PFOA), perfluorocatane sulfonate (PFOS), and perfluorobutanesulfonic
acid (PFBS). While the data provided in the attached reports indicate the presence of PFAS in
water samples, no conclusions can be made related to human or environmental exposure and
risk.

Thank you for inviting us to be part of this effort that helps to further both EPA’s and New
Hampshire’s understanding of an important issu¢ in the state. This is just one of many Agency
efforts that demonstrates EPA’s commitment to cooperative federalism.



If you have any questions or concerns, do not hesitate to contact me at (919) 541-2107 or via
email at watkins.tim@epa.gov or Tim Buckley at (919) 541-2454 or via emalil at
buckley.timothy@epa.gov. 1 look [orward to our continued work together.

Sincerely,

imothy H. Watkins
Director
National Exposure Research Laboratory
Office of Research and Development

Enclosure

CC: Meghan Cassidy, USEPA, Region 1
Deb Szaro, USEPA, Region 1
JefT Morris, USEPA OPPT
Betsy Behl, USEPA, OW
Peter Grevatt, USEPA, OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD
Cindy Sonich-Mullen, USEPA, ORD
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ORD Report #3: Technical Support to New Hampshire -
Targeted PFAS Measurements in Water

Date: October 4, 2018

New Hampshire Department of Environmental Services (NHDES), in coordination with EPA
Region 1, requested technical support from EPA’s Office of Research and Development (ORD)
in analyzing PFAS in environmental samples potentially impacted by industrial sites within the
state. NHDES assumed responsibility for the collection of samples and their shipment to our
laboratories. ORD was responsible for sample extraction and analysis of PFAS. ORD’s analysis
and support team for this report are listed in Table 1.

Table 1. EPA Office of Research and Development analysis and report team.

Responsibility Personnel

Laboratory chemistry Mark Strynar (team lead), James McCord, Seth Newton
Quality assurance review Andy Lindstrom, Sania Tong-Argao

Management coordination and review Myriam Medina-Vera, Brian Schumacher, Timothy Buckley
Report preparation Kate Sullivan

The current report includes results for water samples collected by NHDES on September 27,
2017 (n=25) in containers provided by ORD. Samples were sent to and analyzed under the
direction of Dr. Mark Strynar at ORD’s laboratories in Research Triangle Park, NC. ORD
laboratory personnel were blind to sampling location. The PFAS analytes targeted for analysis
are given in Table 2. These analytes were selected because previous NHDES reports have shown
them to be of concern.

Water samples were analyzed by Liquid Chromatography Mass Spectrometry (LC-MS)
according to methods described within an approved Quality Assurance Project Plan (QAPP)'.
PFAS concentrations were determined against a standard calibration curve derived from
authentic standards using a traditional targeted analysis approach.

! National Exposure Research Laboratory, Quality Assurance Project Plan: Non-Targeted Analyses of Per- and
Polyfluoroalky! Substances (PFAS) for New Hampshire Department of Environmental Services (NHDES), October

2,2017.
Page 1 of 3
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Table 2. PFAS Analytes Measured

Short Name Chemical Name Formula CAS no.
GenX Perfluoro(2-methyl-3-oxahexanoic) acid CsHF 1,04 13252-13-6
PFBA Perfluorobutanoic Acid C4HF-0; 375-22-4
PFPeA Perfluoropentanoic Acid CsHF 90, 2706-90-3

PFHxA Perfluorohexanoic Acid C¢HF[,0, 307-24-4
PFHpA Perfluoroheptanoic Acid C7HF 130 375-85-9
PFOA Perfluorooctanoic Acid CsHF 50, 335-67-1
PFNA Perfluorononanoic Acid CoHF 70, 375-95-1
PFDA Perfluorodecanoic Acid C1oHF 190, 335-76-2
PFBS Perfluorobutane Sulfonate C4HFsSO; 375-73-5
PFHxS Perfluorohexane Sulfonate C¢HF 13805 355-46-4
PFOS Perfluorooctane Sulfonate CsHF-SO5 1763-23-1
Results

Quality control results indicated analyses were within expected performance specifications. For
GenX, we observed our standards to be within +22% of our calibration curve over the range of
10 to 1000 ng/L. Quality Control spikes (100 and 500 ng/L) were within 12% of the target
concentration. GenX was not detected in any field or laboratory blanks.

For the remaining PFAS analytes, we observed deviations from the calibration curve for lower
range standards (i.e. 10, 50, and 100 ng/L) by as much as 74%, 52%, and 51.3%, respectively.
For the 25 ng/L and higher standards. concentrations were within +21.8% of the calibration
curve. QC spike samples (100 and 500 ng/L) were within 32% of the target except for PDFA,
which deviated by 62.6%.

Concentration results for the 25 water samples are presented in Table 3. Summary findings
include:

e GenX was detected in one sample. All other samples were below the detection limit.

e Concentrations of other PFAS varied by sample and analyte. The range of concentrations
for other analytes varied from less than the limit of detection to 2,200 ng/L.

* Most of the samples had measurable concentrations of one or more of the legacy PFAS,
and many had measurable concentrations of multiple analytes.

e PFOA was consistently present at the highest concentration across the 25 samples. PFOS
and PFBS were observed in multiple samples.

Page 2 of 3
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If you have any questions or concerns, do not hesitate to contact me at (919) 541-2107 or via
email at watkins.tim@epa.gov or Tim Buckley at (919) 541-2454 or via email at
buckley.timothy@epa.gov. I look forward to our continued work together.

Sincerely,

imothy H. Watkins
Director
National Exposure Research Laboratory
Office of Research and Development

Enclosure

CC:  Meghan Casstdy, USEPA, Region |
Deb Szaro, USEPA, Region |
Jeff Morris, USEPA OPPT
Betsy Behl, USEPA, OW
Peter Grevatt, USEPA, OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD
Cindy Sonich-Mullen, USEPA, ORD
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ORD Report #4: Technical Support to New Hampshire -
Initial Results of CIMS and TO-15 Measurements in Stack Emission SUMMA Canisters

Date: October 4. 2018

Report Team

e Laboratory Chemists: Theran Riedel, Ingrid George

* Quality Assurance Review: Sania Tong-Argao, Margie Vazquez, Libby Nessley and
Brittany Stuart

e Management Coordination and Review: Myriam Medina-Vera, Adam Biales, Surender
Kaushik, Brian Schumacher, Jacky Rosati, Richard Shores, Brian Gullett, Lara Phelps
and Timothy Buckley

o Report Preparation: John Offenberg and Jeff Ryan

Summary of Methods and Results

New Hampshire Department of Environmental Services (NHDES), in coordination with US EPA
Region 1, requested technical support from US Environmental Protection Agency, Office of
Research and Development (ORD) in analyzing per- and polyfluoroalkyl substances (PFAS) in
stack emission samples from an industrial site within the state. NHDES assumed responsibility
for the coordination of sample collection protocols with the industry. ORD was responsible for
chemical analysis. We are hereby providing the initial results of whole air samples collected in
stainless steel, electropolished ("SUMMA" polished), passivated 6-liter canisters over the period
of 26 April 2018 to 01 May 2018.

This report includes non-targeted analysis results conducted by high resolution chemical
ionization mass spectrometry (CIMS), as well as more conventional TO-15 analysis for specific,
volatile organic hazardous air pollutants (HAPs) using unit mass resolution (i.e., ‘low res") gas
chromatography-mass spectrometry (GC-MS). This work is an initial attempt to adapt ambient
SUMMA canisters to collect whole air, stack exhaust gases for laboratory analysis of PFAS by
CIMS, as well as by TO-15, and full-scan, low resolution mass spectrometry. The performance
of adapting TO-15 to stack emissions is not currently known. Any use of quantitative results
should acknowledge such limitations.

Due to this being the first time SUMMA canister sampling for PFAS compounds has been
performed on/with stack emissions, the CIMS analyses are limited to tentative identifications,
rather than quantification. After tentative identifications are confirmed, additional work will be
needed to assess sample collection, transport, handling, and analysis impacts on measurements
prior to the development of quantitative analyses. Additionally, non-targeted analysis differs
from the more traditional, targeted analysis in that chemical identification and quantification
does not have the benefit of being based on authentic standards. As such, one can expect greater
uncertainty, both in terms of identification and concentration estimates through a non-targeted
analysis. Some of the differences between the analysis methods are summarized in Table 1.

Page 1 of 26









ORD NH Report #4 October 4, 2018

from which an estimated value is based on highest calibration point (i.e., presented as greater
than the highest calibration point). Compounds below the method detection limit (MDL) are
reported as < method quantitation limit (MQL). Reported values are blank corrected and
normalized for dilution of the original sample by the addition of clean air. Table 4 presents
concentrations measured in SUMMA canisters collected on the MS Tower, while Table 5 lists
concentrations measured in samples collected on the MA Tower. Table 6 includes measured
concentrations of compounds in the SUMMA canisters collected on both the inlet and outlet of
the control device on the QX Tower. Table 7 includes results from three ambient samples as
well as the single field blank canister.

Data analysis of the full-scan GC-MS analysis of these same canisters is not yet complete. The
additional analyses may provide insight into the relative contributions of the x:2 fluoro-telomer
alcohols, relative to the corresponding x+1 perfluoro-carboxylic acids. The fragmentation
patterns of the more energetic ionization technique, as well as the potential for chromatographic
separation of analytes, may provide multiple confirmatory results when compared with authentic
standards. These evaluations, along with initial laboratory studies of the stability of select PFAS
compounds in SUMMA canisters, is currently being performed by ORD in RTP, NC.

Page 4 of 26
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Table 1. Overview of Collection and Analysis Methods used for SUMMA canister analysis. For
comparison, LC-TOF MS and LC-HRMS, used in prior work, are also included.

Analysis Mass Chromatograp m/Q Identificatio | Negativ | Quantificatio
Method | Resolutio hy range n e Mass n
n Defect
CIMS Moderatel No 1-1000 I Adducts Yes No, not yet
High
yHig Formulae
0.00X only
No
Fragmentatio
n
TO-15 Low Yes Selected | Confirmed No Yes
. lon with
(um) Monitorin | Authentic
mass g Standards
where
possible
GC/MS | Low Yes 31-500 | Peak ID, No No
(unit Library
mass) search,
Diagnostic
fragments
LC-TOF | High Yes e.g. PFAS Yes Yes, for many
MS 0.000x 100-1000 | Library
Standards
LC-
HRMS
(Orbitrap
)

Page 5 of 26
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Table 2. PFAS ions observed by CIMS analysis of SUMMA canister stack air samples collected from a New Hampshire manufacturing facility.
Concentration values are expressed in arbitrary units.

**PRELIMINARY DATA** Probable PFAS Composition

{mean signal, dilution normalized)

Can ID Sample Type Dilution C3FH502 CS5F3H903 (6F2H602 C6FIH50 C7F6H1002 C7F11HSO C7F13H30 C(8F7H504 C8F11H702 C8F13HS50 C9FH702 C10F13H902

Factor

920274 174050 148.033 264.019 240.058 314016 349.997 298.007  344.027  364.013 166.043  408.039

background 1 system blank 1 532 21 16 17 9 9 6 2 3 16 39 5
ambien

RK9 _ambient o o0 113 a8 47 71 a5 40 29 27 33 757 35
(inside facility)
ambient

5 et 61 sass 148 237 38 108 59 38 54 29 102 407 66
{lower roof)

794 ambient 0 4ese 225 74 135 543 181 66 50 s 348 1273 53
(upper roof)

709 ambient? 529 17 5 9 16 9 5 4 7 16 59 6
(Field Blank)
MA tower

755 Romq) 102 e 8 1185 152 611 168 102 59 56 171 5140 139

A
751 M&z:’;; 102 57354 1145 1181 234 483 244 95 117 33 230 5400 72
A

262 M(Rtgn“’:; 91 66907 1028 452 306 464 180 133 53 85 846 1603 108
MS tower

68 9.7 21290 612 476 77 425 110 160 72 50 1849 2863 296
(Run 1)

700 MStower o, 3577 364 463 115 558 117 82 50 74 242 6703 29
{Run 2)
MS tower

744 Romy o4 s 3% 111 157 407 159 53 63 76 207 3079 61

721  Qxtower oo 34 1200 1144 204 748 321 10213 1612 628 44901 7520 793
inlet (Run 1)

176  QXtower o\ 3334 1521 948 280 706 272 9315 1605 430 43836 7291 945
inlet (Run 2)

A378 _ QXtower oo o110 a6 535 130 715 196 313 127 78 015 2786 217
inlet (Run 3)

321 QXtower o, 3660 s01 457 313 430 171 4952 790 332 24015 3852 152
outlet (Run 1)

2045 QXtower oo 0723 1195 687 579 393 585 10556 1230 958 85658 2251 539
outlet (Run 2)

793 Qxtower — oh g9 som 678 96 428 128 171 70 81 1914 2029 295
outlet (Run 3)

background 2  system blank 1 889 33 32 11 22 9 7 9 8 17 51 10
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MS Tower MA Tower QX Tower Inlet QX Tower Outlet
TNA_1K Taraat Famnnsiindec T AE Tavant Mamamaiimads T AL T8 P e A - -
MEAaLi Ui uvuLduiciie mexdcniorooutaaiene Hexacnioroputadiene Hexachlorobutadiene
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Table 4. Measured concentrations of TO-15 (plus PAMS) compounds in MS Tower SUMMA canisters.

MS Tower
CanlID 368 700 744
Location MS Tower MS Tower MS Tower
Run Number Run1 Run 2 Run 3

Date 4/26/2018 4/27/2018 4/27/2018

Nata Necrrintarc

e (ompounds below 3 x MDL are
reported as ‘< MQL’

e Reported values are blank corrected

Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
Propylene 139.85 107.06 83.88
Propane 73.75 61.77 33.24
Dichlorodifluoromethane 0.29 0.35 0.35
Chloromethane 2.14 7 583 0.94
Isobutane
Dichlorotetrafluoroethane <MQL <MQlL <MQL
Vinyl Chloride < MOl <MQL < MQL
1-Butene 5
1,3-Butadiene 6.08 4,18 3.47
Butane 0.87 1.85 0.74
trans-2-butene 1.45 1.77 <MQL
Bromomethane <MQL <MQL <MQL
cis-2-butene 1.71 <MQL <MQL
Chloroethane <MQL <MQL < MQL
Ethanol 56.95 24.50 15.05
Vinyl Bromide <MQL <MQlL <mMQL
Acetonitrile 12.75 13.98 3.72
Acrolein 182.90 97.20 57.61
CaniID 368 700 744
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Location MS Tower MS Tower MS Tower

Run Number Run 1 Run 2 Run 3
Date 4/26/2018 4/27/2018 4/27/2018
Target Compounds Conc. Conc. Conc.
rnnhu nnhu nnhu
Acetone
iso-Pentane 1/7.171 41.61 8.88
Trichlorofluoromethane <MQL <MQL <MQL
tsopropyl Alcohol 46.78 36.05 35.94
1-Pentene 2.32 1.42 0.82
Acrylonitrile 0.78 1.32 < MQL
n-Pentane 1.28 3.03 0.88
Isoprene 0.52 0.48 0.28
trans-2-pentene <MQL <MQL <MQL
cis-2-pentene < MQL <MQL <MQL
Tert-Butanol 1.54 1.04 < MQL
1,1-Dichloroethene <MQL <MQL < MQL
Methylene Chloride <MQL <MQL <MQlL
3-Chloro-1-Propene < MQL <MQL <MaL
1,1,2-Trichloro-1,2,2-trifluoroethane <MQL <MQL <MQL
Carbon Disulfide 1.43 1.10 0.82
2,2-Dimethylbutane < MQL <MQL <MQL
trans-1,2-Dichloroethene < MOl < MO < MOl
Cyclopentane
2,3-Dimethylbutane <MQL <MQL < MQL
1,1-Dichloroethane <MQlL <MQL <MQL
Methyl-t-Butyl-Ether < MOI < MOl < MOl
Vinyl Acetate
2-Methylpentane <MQL <MQL <MQL
2-Butanone 150.61 53.48 43.89
3-Methylpentane 0.61 0.91 <MQL
2-Chloroprene <MQlL < MQL <MQL
1-Hexene 2.05 1.21 0.40
cis-1,2-Dichloroethene <MQL <MQL <MaL
Diisopropyl ether < MQL <MQL < MQL
Ethyl Acetate <MaQL <MQL <MQL
n-Hexane <MQL 0.66 <MQL
Chloroform <MQL <MQL < MQL
Tetrahydrofuran 3.37 3.74 2.48
Ethyl Tert-Butyl Ether < MaQL <MQL < MQL
Methylcyclopentane <MQL 0.23 <MQL
CaniID 368 700 744
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Location MS Tower MS Tower MS Tower

Run Number Run 1 Run 2 Run 3
Date 4/26/2018 4/27/2018 4/27/2018
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
1,2-Dichloroethane <MQL <MQL < MQL
2,4-Dimethylpentane 0.74 0.43 0.23
1,1,1-Trichloroethane <MQL <MQL <MQL
Benzene 110.06 21.07 5.21
Carbon Tetrachloride <MQL <MQL < MQL
Cyclohexane 0.81 1.53 0.64
2-Methylhexane 0.50 1.36 <MQL
2,3-Dimethylpentane <MQL <MQL <MQL
Tert Amyl Methyl Ether <MQL <MQL <MQL
3-methylhexane 3.38 1.56 < MQL
1,2-Dichloropropane <MQL <MQL <MQL
Bromodichloromethane <MQL < MQL <MQL
1,4-Dioxane 16.22 10.98 <MQL
Trichloroethene <MQL <MQL <MQL
Isooctane <MQL < MQL <MQL
Methyl Methacrylate <MQL <MQL < MQL
Heptane <MQL 1.59 <MQL
cis-1,3-Dichloropropene <MQL <MQL < MQL
4-Methy-2-Pentanone 204.92 121.73 102.23
Methylcyclohexane 0.38 1.30 <MQL
trans-1,3-Dichloropropene <MQL <MQL <MQL
1,1,2-Trichloroethane <MQL < MQL < MQL
2,3,4-Trimethylpentane < MQL 0.26 <MQL
Toluene 21.40 49.50 4.59
2-Methylheptane <MQL 0.52 < MQL
Dibromochloromethane <MQL <MQL <MQL
3-Methylheptane <MaL 1.93 1.02
1,2-Dibromoethane < MQL < MQL <MQL
Octane <MQL 0.62 <MQL
Tetrachloroethene < MQL < MQL < MQL
1,1,1,2-Tetrachloroethane < MQL <MQL <MQL
Chlorobenzene <MQL <MQL <MQL
Ethylbenzene 0.45 0.58 <MQL
m-Xylene < MQL 0.81 <MQlL
p-Xylene <MQL <MQL <MQL
Bromoform <MQL <MQL <MQL
CaniD 368 700 744
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Location MS Tower MS Tower MS Tower

Run Number Run1 Run 2 Run 3
Date 4/26/2018 4/27/2018 4/27/2018
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
Styrene ] < MQL <MQL <MQL
1,1,2,2-Tetrachloroethane <MQL < MQL <MQL
o-Xylene <MQL <MQL <MQL
Nonane 1.55 1.31 <MQL
Cumene <MQL 0.20 <MQL
n-Propylbenzene < MQL 0.37 < MQL
m-Ethyitoluene <MQL 0.41 < MQL
1,3,5-Trimethylbenzene <MQL <MQL <MQL
1,2,4-Trimethylbenzene <MQL <MQL <MQL
Tert-Butyl Benzene <MQL <MQL <MQL
1-Ethyl-4-Methyl Benzene <MQL < MQL <MQL
o-Ethyltoluene <MQL <MQL < MQL
1,3-Dichlorobenzene <MQL <MQL <MQL
1,4-Dichlorobenzene <MQL <MQL <MQL
n-Decane <MQL <MQL < MQL
Sec-Butyl Benzene <MQL <MQL <MQL
1,2,3-Trimethylbenzene <MQL <MQL < MQL
1,2-Dichlorobenzene <MQL < MQL <MQL
o-Cymene <MQL <MQL <MQL
1,3-Diethylbenzene <MQL 0.34 < MQL
1,2-Diethylbenzene < MQL 0.39 <MQL
n-Butyl Benzene <MQL < MQL <MQL
Undecane 0.90 1.28 <MQL
1,2,4-Trichlorobenzene <MQL <MQL <MQL
Naphthalene 0.80 0.63 < MQL
Dodecane ~719 {
Hexachlorobutadiene <MQL <MQL <MQL
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Table 5. Measured concentrations of TO-15 (plus PAMS) compounds in MA Tower SUMMA canisters.

MA Tower
CanlID 755 751 262
Location MA Tower MA Tower MA Tower
Run Number Run1 Run 2 Run 3
Date 4/26/2018 4/26/2018 4/26/2018
Nata Nacrrintarc
¢ Compounds below 3 x MDL are
reported as ‘< MQL’
o Reported values are blank
corrected
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
Propylene 785.39 807.99 713.21
Propane 42.35 45,75 72.05
Dichlorodifluoromethane <MQL 0.30 0.29
Chioromethane 0 &5 N 78 1N
isobutane
Dichiorotetrafluoroethane <MQL < MQL <MQL
V|ny| Ch|oride -~ KRNI -~ RANI ~ RANI
1-Butene
1,3-Butadiene £2£.40 24,97 24,15
Butane <MQL 1.35 1.61
trans-2-butene 1.99 5.72 4,54
Bromomethane <MQL < MQL <MQL
cis-2-butene <MQL 1.47 3.49
Chloroethane <MaQL <mMQlL < MQL
Ethanol 52.08 60.82 57.70
Vinyl Bromide <MQL <MQL <MQL
Acetonitrile 1178 16 2N 11 67
Acrolein
CaniD /55 /51 262
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Location MATower MATower MA Tower
Run Number Run1l Run?2 Run 3
Date 4/26/2018 4/26/2018 4/26/2018
Target Compounds Conc. Conc. Conc.
nnh nnhas b
Acetone
iso-Pentane 5.2 1/3.42 179.83
Trichlorofluoromethane <MQL <MQL <MQL
Isopropyl Alcohol 101.44 110.01 117.79
1-Pentene 2.37 1.11 1.70
Acrylonitrile 9.03 7.73 7.23
n-Pentane < MQL 0.91 1.05
Isoprene 3.61 3.81 3.35
trans-2-pentene 0.56 0.74 0.68
cis-2-pentene 0.40 0.41 0.39
Tert-Butanol 4,18 3.34 2.87
1,1-Dichloroethene <MQL <MQL < MQL
Methylene Chloride <MQL <MQL <MQL
3-Chloro-1-Propene <MQL 0.68 0.55
1,1,2-Trichloro-1,2,2-trifluoroethane < MQL <MQL <MQL
Carbon Disulfide < MQL <MQL < MQL
2,2-Dimethylbutane <MQL < MQL <MQL
trans-1,2-Dichloroethene < MOl < MOl < MO
Cyclopentane
2,3-Dimethylbutane 1.53 <MQL <MQL
1,1-Dichloroethane <MQL <MQL <MQL
Methyl-t-Butyl-Ether < MOI < MO < MO
Vinyl Acetate
2-Methylpentane 1.51 <MQL <MQL
2-Butanone 203.94 172.34 151.31
3-Methylpentane 1.71 1.66 0.88
2-Chloroprene <MQL 0.17 0.09
1-Hexene 5.70 5.86 5.67
cis-1,2-Dichloroethene <MQL <MQL <MQL
Diisopropyl ether 0.57 0.2% 0.45
Ethyl Acetate <MQL <MQL <MQL
n-Hexane 0.97 0.87 0.43
Chloroform <MQL < MQL 0.11
Tetrahydrofuran 15.84 16.94 15.40
Ethyl Tert-Butyl Ether <MQlL <MQL <MQlL
Methylcyclopentane < MQL <MQL <MQL
1,2-Dichloroethane <MQL <MQL < MQL
2,4-Dimethylpentane 1.89 2.61 2.65
CaniID 755 751 262
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Location MATower MATower MA Tower
Run Number Run1 Run?2 Run 3
Date 4/26/2018 4/26/2018 4/26/2018
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
1,1,1-Trichloroethane <MQL <MQL <MQL
Benzene 11.52 11.08 9.88
Carbon Tetrachloride < MQL < MQL < MQL
Cyclohexane <MQL 1.55 1.28
2-Methylhexane 5.15 0.91 1.87
2,3-Dimethylpentane 0.84 <MQL <MQL
Tert Amyl Methyl Ether <MQL <MQL <MQL
3-methylhexane 5.93 4.07 441
1,2-Dichloropropane <MQL <MQL <MQL
Bromodichloromethane <MQL < MQL <MQL
1,4-Dioxane 18.91 21.63 17.61
Trichloroethene <MQL <MQL <MaL
Isooctane < MQL 0.57 <MaL
Methyl Methacrylate <MQL <MQL <MQL
Heptane 5.67 < MQL <MQL
cis-1,3-Dichloropropene ~ hant -~ NI AL
4-Methy-2-Pentanone
Methylcyclohexane L.93 1.6b u.Bb
trans-1,3-Dichloropropene <MQL <MQL <MQL
1,1,2-Trichloroethane <MQL < MQL <MQL
2,3,4-Trimethylpentane <MQL 0.99 0.70
Toluene 57.88 73.57 14.32
2-Methylheptane 0.76 0.88 < MQL
Dibromochloromethane <MQL <MQL <MQL
3-Methylheptane 1.54 <MQL 0.93
1,2-Dibromoethane <MQL <MQL <MQL
Octane 1.00 1.99 0.63
Tetrachloroethene <MQL <MQL <MQL
1,1,1,2-Tetrachloroethane <MQL <MQL <MQL
Chlorobenzene <MQL < MQL <MQL
Ethylbenzene <MQL 0.45 <MQL
m-Xylene 1.42 2.96 1.58
p-Xylene <MQL 1.00 <MQlL
Bromoform <MQL < MQL < MQL
Styrene <MQL <MQL < MQL
1,1,2,2-Tetrachloroethane <MQL 0.75 <MQL
o-Xylene <MQL <MaL <MaL
Nonane 3.77 5.58 5.01
CaniID 755 751 262
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Location MA Tower MA Tower MA Tower

Run Number Run 1 Run 2 Run3
Date 4/26/2018 4/26/2018 4/26/2018
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
Cumene <MQaL 0.24 0.24
n-Propylbenzene < MQL 0.52 0.50
m-Ethyltoluene <MQL 0.67 0.56
1,3,5-Trimethyibenzene <MQL 0.64 0.70
1,2,4-Trimethylbenzene <MaQL < MQL <MQL
Tert-Butyl Benzene <MQL <MQL <MQL
1-Ethyl-4-Methyl Benzene <MQL <MQaL < MQL
o-Ethyltoluene < MQL <MQL <MQL
1,3-Dichlorobenzene <MQL <MQL <MQL
1,4-Dichlorobenzene < MQL <MQL < MQL
n-Decane <MQL 0.58 0.39
Sec-Butyl Benzene <MQL <MQL < MQL
1,2,3-Trimethylbenzene < MQL <MQL < MQaL
1,2-Dichlorobenzene < MQL <MaQL <MaQL
o-Cymene <MQL <MaL <MQL
1,3-Diethylbenzene < MQL 0.51 0.41
1,2-Diethylbenzene <MQL 0.92 0.68
n-Butyl Benzene <MQL <MQL < MQL
Undecane 1.60 2.47 1.86
1,2,4-Trichlorobenzene <MQL <MQL <MaL
Naphthalene n 2’ naa nen
Dodecane
Hexachlorobutadiene < IVIUL < VIUL < MUL
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Table 6. Measured concentrations of TO-15 (plus PAMS) compounds in QX tower Inlet and Outlet SUMMA

canisters.
QX Tower Inlet QX Tower Outlet
721 176 a378 321 2045 793
QX Inlet QX Inlet QX Inlet QX Outlet QX Outlet QX Outlet
Run Number Run 1 Run 2 Run 3 Run1 Run 2 Run3
4/30/2018 5/1/2018 5/1/2018 4/30/2018 5/1/2018 5/1/2018
Nata Nocrrintarc
e (Compounds below 3 x MDL are
reported as ‘< MQL’
e Reported values are blank
corrected
Target Compounds Conc. Conc. Conc. Conc. Conc. Conc.
ppbv ppbv ppbv ppbv ppbv ppbv
Propylene 83.76 82.14 25.62 72.09 76.45 20.43
Propane 51.55 55.36 33.08 45.49 50.09 25.20
Dichlorodifluoromethane 0.28 031 0.39 0.29 0.32 0.30
Chloromethane 274 241 051 7.74 393 043
isobutane
Dichlorotetrafluoroethane < MQL < MQL < MQL <MQL <MQL <MQL
Vinyl Chloride <MQL <MQL <MQL <MQL <MQL < MQL
1-Butene e
1,3-Butadiene 3.01 441 <MQL 2.83 4.22 <MQL
Butane 1.57 2.54 2.74 1.54 2.23 1.57
trans-2-butene 6.86 6.33 < MQL 5.94 6.64 <MQL
Bromomethane < MQL <MQL <MQL <MQL <MQL <MQL
cis-2-butene 3.54 2.73 <MQL 2.55 2.82 < MQL
Chloroethane <MQL <MaL <MQL <MQL <mMaQL <MQL
Ethanol 106.39 66.12 18.04 75.57 58.78 16.64
Vinyl Bromide < MQL < MQL <MQL <MQL <MQL < MQL
Acetonitrile 1.64 2.26 <MQlL 2.34 7.85 <MQL
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CanlD 721 176 a378 321 2045 793
Location QX Inlet QX Inlet  QXlnlet QX Outlet QX Outlet QX Qutlet
Run Number Run1 Run 2 Run3 Run 1 Run 2 Run 3
Date 4/30/2018 5/1/2018 5/1/2018 4/30/2018 5/1/2018 5/1/2018
Target Compounds Conc. Conc. Conc. Conc. Conc. Conc.
ppbv ppbv ppbv ppbv ppbv ppbv
Acrolein 1RQ 27 140 40 22.33 142 4an 1e1an 25.00
Acetone 101.48 83.10
iso-Pentane 5.15 13.76 6.72 20.11 b.bY 1.79
Trichlorofluoromethane <MQL <MQL <MQL <MQL <MQL <MQL
Isopropyl Alcohol 64.49 52.81 31.16 35.41 40.06 19.38
1-Pentene 1.08 1.61 0.96 1.97 1.44 <MQL
Acrylonitrile 5.96 <MQL 0.72 5.14 <MQL <MQL
n-Pentane 0.26 0.72 1.32 0.35 0.31 <MQL
Isoprene 2.03 1.89 0.66 2.04 2.29 <MQL
trans-2-pentene 1.58 1.52 0.69 1.25 1.43 <MQL
cis-2-pentene 2.05 1.78 0.66 1.40 1.26 <MQL
Tert-Butanol 23.59 20.72 1.00 12.03 13.35 0.61
1,1-Dichloroethene <MQL <MQL <MQL <MQL <MQL <MQL
Methylene Chloride <MQL <MaQL <MQL <MQL <MQL <MQL
3-Chloro-1-Propene <MQL <MQL <MQL <MQL <MQL < MaQL
1,1,2-Trichloro-1,2,2-trifluoroethane <MQL <MQL <MQL <MQL <MQL < MQL
Carbon Disulfide <MQL < MaQL <MQL 0.53 0.84 < MQL
2,2-Dimethylbutane <MQL <MQL 0.70 <MQL <MQL <MQL
trans-1,2-Dichloroethene < MOl < MOl < MO <MQOL < M0 < MO
Cyclopentane
2,3-Dimethylbutane <MQL < MQL 0.57 <MQL <MAQL <MQL
1,1-Dichloroethane <MQL <MQL <MQL <MQL <MQL <MQL
Methyl-t-Butyl-Ether < MO < M0OI < MNI < MOI < MnNI < MNI
Vinyl Acetate
2-Methylpentane < MUL < MQL 1.10 <MQL < MQL <MQL
2-Butanone 140.46 138.84 11.78 121.79 157.59 8.05
3-Methylpentane 16.02 16.07 1.57 12.65 14.44 0.35
2-Chloroprene <MQL 0.71 0.16 <MQL <MQL <MQlL
1-Hexene 4.30 3.93 0.89 3.92 4.52 <MQlL
cis-1,2-Dichloroethene <MQL <MQL <MQL <MQL <MQL <MQL
Diisopropyl ether 0.27 <MQL <MQL 0.28 <MQL <MQL
Ethyl Acetate <MQL <MQL <MQL <MQL <MQL <MQL
n-Hexane <MQL 0.52 0.85 0.32 0.39 <MQL
Chloroform <MQL <MQL <MQL <MQL <MQL < MQL
Tetrahydrofuran 1.09 1.73 2.82 <MQL <MQL 1.93
Ethyl Tert-Butyl Ether <MQL <MQL <MQL <MQL <MQL <MQL
Methylcyclopentane <MQL 0.33 0.90 0.40 0.28 < MQL
1,2-Dichloroethane <MQL <MQL < MQL <MQL <MQL < MQL
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CaniID 721 176 a378 321 2045 793
Location QX Inlet QX [nlet QX Inlet QX Outlet QX Outlet QX Outlet
Run Number Runl Run 2 Run 3 Run1l Run 2 Run 3
Date 4/30/2018 5/1/2018 5/1/2018 4/30/2018 5/1/2018 5/1/2018
Target Compounds Conc. Conc. Conc. Conc. Conc. Conc.
ppbv ppbv ppbv ppbv ppbv ppbv
2,4-Dimethylpentane 0.53 0.68 1.71 0.45 0.49 0.65
1,1,1-Trichloroethane <MQL <MQL <MQL <MQL <MQL <MQL
Benzene 0.98 1.06 1.05 2.19 2.20 <MQL
Carbon Tetrachloride <MQL <MQL < MQL <MQL <MQL <MQL
Cyclohexane 2.15 0.38 1.29 167 0.93 0.41
2-Methylhexane 0.77 2.40 1.23 2.03 0.38 <MQL
2,3-Dimethylpentane <MQL <MQL 0.64 <MQL <MQL <MQlL
Tert Amyl Methyl Ether <MQL <MQL <MQL <MQL <MQL <MQL
3-methylhexane 0.94 1.34 0.92 <MQL <MQL 0.50
1,2-Dichloropropane <MQL <MQL < MQL <MQL <MQL <MQL
Bromodichloromethane <MQL <MQL < MQL <MQL <MQL < MQL
1,4-Dioxane 51.40 41.04 19.07 37.80 35.69 17.12
Trichloroethene <MQL <MQL <MQL <MQL <MQL <MQL
Isooctane 2.72 2.55 1.06 2.40 2.51 0.34
Methyl Methacrylate <MQL <MQL < MQL <MQL <MQL <MQL
Heptane 3.93 4.16 1.12 3.48 4.04 <MQL
cis-1,3-Dichloropropene <MQL <MQL < MQL <MQL <MQlL <MQL
4-Methy-2-Pentanone 38.54 34.44 45.11 42.78 44.52 36.41
Methylcyclohexane 0.61 0.65 1.10 0.65 0.62 0.64
trans-1,3-Dichloropropene < MQL <MQL <MQL < MQL <MQL <MQL
1,1,2-Trichloroethane <MQL <MQL <MQL <MQL <MQL <MQlL
2,3,4-Trimethylpentane <MQL <MQL <MQL <MQL <MQL <MQL
Toluene 9.41 10.11 5.77 8.31 9.57 4.63
2-Methylheptane 18.88 18.26 1.01 14.02 14.73 <MQL
Dibromochloromethane <MQL <MQL <MQL <MQL <MQL <MQL
3-Methylheptane <MQL 6.36 < MQL 1.88 2.48 <MQL
1,2-Dibromoethane <MQL <MQL <MQL <MQlL <MQL <MQL
Octane < MQL 0.85 0.81 <MQL <MQL <MQL
Tetrachloroethene <MQL <MQL <MaQL <MQL <MQL < MQL
1,1,1,2-Tetrachloroethane <MQL <MQL <MQL <MQL <MQL < MQL
Chlorobenzene <MQL <MQL < MQL <MQL <MQL <MQL
Ethylbenzene <MQL <MQL 0.65 <MQL <MQL <MQL
m-Xylene <MQL <MQL <MQL <MQL <MQL < MQL
p-Xylene <MQL <MQL <mMQlL <MQL <MQL <MQL
Bromoform < MQL <MQL 0.18 <MQL <MQL <MQL
Styrene <MQL <MaL <MQL <MQL <MQL < MQL
1,1,2,2-Tetrachloroethane <MQL <MQlL <MQL <MQL <MQL < MQL
o-Xylene <MQL <MQL <MQL <MQL <MQL <MaQL
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CanID 721 176 a378 321 2045 793
Location  QXlnlet QXInlet  QXlnlet QX Outlet QX Outlet QX Outlet
Run Number Run 1 Run 2 Run3 Run1 Run 2 Run 3
Date 4/30/2018 5/1/2018 5/1/2018 4/30/2018 5/1/2018 5/1/2018

Target Compounds Conc. Conc. Conc. Conc. Conc. Conc.
ppbv ppbv ppbv ppbv ppbv ppbv

Nonane 0.87 0.98 0.82 0.82 0.89 <MQL
Cumene <MQL 0.20 0.70 0.20 0.22 <MQL
n-Propylbenzene <MQL 0.47 0.63 0.38 0.38 <MQL
m-Ethyltoluene <MQL 0.51 0.47 0.48 0.54 <MQL
1,3,5-Trimethylbenzene <MQL <MQL 0.55 <MQL <MQL <MQL
1,2,4-Trimethylbenzene <MQL <MQL <MQL <MQL <MQL <MQL
Tert-Butyl Benzene <MQL <MQL <MQL <MQL <MQL <MQL
1-Ethyl-4-Methyl Benzene <MQL <MQL <MQL <MQL <MQL <MQL
o-Ethyltoluene <MQL <MAQL <MQL <MQL <MQL <MQlL
1,3-Dichlorobenzene <MQL <MQL <MQL <MQL <MQL <MQL
1,4-Dichlorobenzene <MQL <MQL <MQL <MQL <MQL <MQL
n-Decane <MQL <MQL 0.50 0.50 <MQL <MQL
Sec-Butyl Benzene <MQL <MQL <MQL <MQL <MQL <MQL
1,2,3-Trimethylbenzene <MQL 041 0.45 0.39 < MQL <MQL
1,2-Dichlorobenzene <MQL <MQL <MQL <MQL <MQL <MQL
o-Cymene <MQL <MQL <MQL <MQL <MQL <MQL
1,3-Diethylbenzene <MQL 0.40 0.57 0.38 0.38 <MQL
1,2-Diethylbenzene <MQL 0.40 0.61 0.51 0.46 <MQL
n-Butyl Benzene <MQL <MQL <MQL <MQL <MQL <MQL
Undecane 1.73 2.68 1.47 2.47 2.27 <MQL
1,2,4-Trichlorobenzene <MQL <MQL 0.60 <MQL 0.73 <MQL
Naphthalene <MQlL <MQL < MQL 0.58 0.90 <MQL
Dodecane non " 70
Hexachlorobutadiene <MQL <MQL <MQL <MQL <MQL <MaQL
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Table 7. Measured concentrations of TO-15 (plus PAMS) compounds in ambient samples and a single field
blank.
Ambient Field Blank
CanlID 005 794 rk9 709
Sample Type Ambient Ambient Ambient Field Blank
Location (lowerroof) (upperroof) (inside fac.)
Date 5/1/2018 4/27/2018 5/1/2018 4/30/2018
NData Necrrintarc
e (Compounds below 3 x MDL are
reported as ‘< MQL’
e Reported values are blank
corrected
Target Compounds Conc. Conc. Conc. Conc.
ppbv ppbv ppbv ppbv
Propylene 0.46 <MQL 2.30 0.14
Propane 1.49 2.40 10.04 0.30
Dichlorodifluoromethane 0.34 0.31 0.32 <MQL
Chloromethane 053 < MOt 0 kR < MQL
Isobutane
Dichlorotetrafluoroethane < MQL <MQL <MQL <MQL
Vinyl Chloride <MQL <MaQlL <MQOL < MQL
1-Butene
1,3-Butadiene <MQL <MQL <MQL <MQL
Butane 0.60 <MQaL 0.60 <MQL
trans-2-butene <MQlL <MQlL <MaQlL <MQL
Bromomethane <MQL <MQL <MQL < MQL
cis-2-butene <MQL <MQL <MQL <MQL
Chloroethane <MQL <MQL < MQL <MQL
Ethanol 2.70 5.43 14.92 < MQL
Vinyl Bromide <MQL <MQL <MQL <MQL
Acetonitrile <MQL <MQL 0.48 < MQL
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CanID 005 794 rk9 709
Sample Type Ambient Ambient Ambient Field Blank
Location (lowerroof) (upperroof) (inside fac.)
Date 5/1/2018 4/27/2018 5/1/2018 4/30/2018

Target Compounds Conc. Conc. Conc. Conc.

ppbv ppbv ppbv ppbv
Acrolein 0.77 <MQL 1.74 0.12
Acetone 5.83 <MQL 6.50 <MQL
iso-Pentane 0.82 <MQL 0.66 <MQL
Trichlorofluoromethane <MQL <MQL 0.21 <MQL
Isopropyl Alcohol 5.57 3.10 9.80 <MQL
1-Pentene <MQL < MQL <MaL <MQL
Acrylonitrile 1.19 <MQL <MQL <MQL
n-Pentane 15.14 < MQL 0.13 <MQL
Isoprene <MQL <MQL 0.57 <MQL
trans-2-pentene <MQL <MQL <MQL <MQL
cis-2-pentene <MQL < MQL <MQL <MQL
Tert-Butanol < MQL <MQL 0.15 <MQL
1,1-Dichloroethene <MQL <MQlL <MQL <MQL
Methylene Chloride <MQL < MQL <MQL <MQL
3-Chloro-1-Propene <MaL <MQL <MaQaL < MQL
1,1,2-Trichloro-1,2,2-trifluoroethane <MQL <MQL <MQL <MQL
Carbon Disulfide < MQL <MQL <MQL <MQL
2,2-Dimethylbutane < MQL <MQL <MQL <MQL
trans-1,2-Dichloroethene < MOL < MOl < MOI < MOI
Cyclopentane
2,3-Dimethylbutane < MQL < MQL <MQL <MQL
1,1-Dichloroethane < MQL <MQL <MaQL <MQL
Methyl-t-Butyl-Ether < MOI < MOI < MOl < MO
Vinyl Acetate
2-Methylpentane <MQL <MQL <MQL <MQL
2-Butanone <MQL <MQL 18.27 <MQL
3-Methylpentane < MQL <MQL 0.38 <MQL
2-Chloroprene < MQL <MQL <MQL <MQL
1-Hexene <MQL < MQL <MQL <MQL
cis-1,2-Dichloroethene <MQL <MQL <MQL <MQL
Diisopropyl ether < MQL <MQL <MQL <MQL
Ethyl Acetate < MQL <MQL <MQL <MQL
n-Hexane < MQL <MQL 0.36 <MQL
Chloroform <MQL <MQL <MaL <MaQL
Tetrahydrofuran <MQL <MQL <MaQL <maQL
Ethyl Tert-Butyl Ether < MQL <MQL <MQlL <MQL
Methylcyclopentane <MQL <MQlL 0.15 <MaQL
1,2-Dichloroethane < MQL <MQL <MQL <MQL
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CaniD 005 794 rk9 709
Sample Type Ambient Ambient Ambient Field Blank
Location (lower roof)  (upperroof) (inside fac.)
Date 5/1/2018 4/27/2018 5/1/2018 4/30/2018

Target Compounds Conc. Conc. Conc. Conc.

ppbv ppbv ppbv ppbv
2,4-Dimethylpentane <MQL <MQL 0.09 <MQL
1,1,1-Trichloroethane <MQL <MQL <MQL <MQL
Benzene <MQL <MQL <MQL <MQL
Carbon Tetrachloride <MQL <MaQL <MQL <MQL
Cyclohexane 0.25 <MQL 0.26 <MQL
2-Methylhexane <MQL <MQaL 0.52 <MQL
2,3-Dimethylpentane <MQL <MQL <MQL < MQL
Tert Amyl Methyl Ether <MQL < MQL <MQL <MQL
3-methylhexane <MQL <MQL 0.63 <MQL
1,2-Dichloropropane <MQL <MQL <MQL <MQL
Bromodichloromethane <MaQL <MQL <MQL <MQL
1,4-Dioxane <MQL < MQL <MQL <MQL
Trichloroethene <MQL <MQL <MQL <MQL
Isooctane <MQL <MQL <MQL <MQL
Methyl Methacrylate <MQL < MaQL <MQL < MQL
Heptane <MQL <MQL 0.84 <MQL
cis-1,3-Dichloropropene <MQL <MQL <MQL <MQL
4-Methy-2-Pentanone <MQL <MaQL <MQL <MQL
Methylcyclohexane <MQL <MQL 0.95 <MQL
trans-1,3-Dichloropropene <MQL <MQlL <MQL <MQL
1,1,2-Trichloroethane <MQL <MQL <MQL <MQL
2,3,4-Trimethylpentane <MQL <MQL <MQL <MQL
Toluene 1.22 <MaQL 33.75 <MQL
2-Methylheptane < MQL <MQL 0.25 <MQL
Dibromochloromethane <MQL <MQL <MQL <MQL
3-Methylheptane <MQL <MQL <MQL <MQL
1,2-Dibromoethane <MQL < MQL <MQL <MQL
QOctane <MQL <MQL <MQlL <MQL
Tetrachloroethene <MQL < MQL <MQL <MQL
1,1,1,2-Tetrachloroethane <MQL <MQL <MQL <MQL
Chlorobenzene <MQL < MQL <MQL <MQL
Ethylbenzene <MQL <MQL < MQL <MQL
m-Xylene <MQL <MQL <MQL <MQL
p-Xylene <MQL <MQL <MQL <MQL
Bromoform <MQL <MQL <MQL <MQL
Styrene < MQL < MQL <MQL <MQL
1,1,2,2-Tetrachloroethane < MQL <MQL <MaQlL <MQL
0-Xylene <MQL <MQL <MQL <MQL
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Sample Type Ambient Ambient Ambient Field Blank
Location {lower roof) (upperroof) (inside fac.)
Date 5/1/2018 4/27/2018 5/1/2018 4/30/2018

Target Compounds Conc. Conc. Conc. Conc.

ppbv ppbv ppbv ppbv
Nonane <MQL <MQL <MQL < MQL
Cumene <MQL <MQL 0.08 < MQL
n-Propylbenzene <MaL <MQL <MQL <MaQL
m-Ethyltoluene <MQL < MQL < MQL < MQL
1,3,5-Trimethylbenzene < MQL <MQL <MQL <MQL
1,2,4-Trimethylbenzene <MaQL <MaL <MQL <MaL
Tert-Butyl Benzene <MQL <MQL <MQL <MQL
1-Ethyl-4-Methyl Benzene <MQL <MaL < MQL <MQL
o-Ethyltoluene <MQL <MaL <MQL <MaL
1,3-Dichlorobenzene <MQL <MQL <MQL <MQL
1,4-Dichlorobenzene <MQL <MQL <MQL <MQL
n-Decane <MQL <MQL <MQL <MQL
Sec-Butyl Benzene <MQL <MQL <MQL < MaL
1,2,3-Trimethylbenzene < MQL < MQL < MQL < MQL
1,2-Dichlorobenzene <MQL <MQL < MQL <MQL
0-Cymene <MQL 0.54 <MQL < MQL
1,3-Diethylbenzene <MQL <MQL <MQL < MQL
1,2-Diethylbenzene <MQL <MQL <MQL <MQL
n-Butyl Benzene <MQL <MQL <MQL <MQL
Undecane 0.63 < MQL 0.73 <MQL
1,2,4-Trichlorobenzene <MQL <MQL <MQL <MQL
Naphthalene < MOL < MO 0.35 <MOL
Dodecane
Hexachlorobutadiene <MQL < MQL <MQL <MaL
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